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(1) REAL PARTY IN INTEREST 

The real party in interest is Columbia Insurance Company, owner of the Application. 

(2) RELATED APPEALS AND INTERFERENCES 

There are no related appeals or interferences known to Appellant or the undersigned. 

(3) STATUS OF CLAIMS ON APPEAL 

Claims 45, 47-53, and 70-82 stand finally rejected by the Examiner in a final Office 
Action mailed May 17, 2007 ("Office Action"). The rejection of claims 45, 47-53, and 70-82 is 
being appealed. 

(4) STATUS OF AMENDMENTS 

No amendments have been filed subsequent to the Office Action. 

(5) SUMMARY OF THE INVENTION 

Independent claim 45 recites an aqueous treating composition [Page 5, line 30 - page 6, 
line 10] comprising tannic acid having a gallic acid content of less than about 1.0 parts by weight 
(pbw) [Page 6, line 12 - page 7, line 8; page 31, line 1 - 28], wherein the tannic acid is present in 
the aqueous treating composition at up to about 0.5 pbw, based on a total weight of the aqueous 
treating composition [Page 7, lines 1-7]. 

Independent claim 70 recites a two-part aqueous treatment [Page 19, lines 10-26; page 
20, line 26 - page 21, line 22] comprising: a. a first aqueous treating composition comprising 
tannic acid [Page 6, line 12 - page 7, line 8; page 31, line 1 - 28]; and b. a separate second 
topical treating composition comprising a fluorochemical [Page 20, line 26 - page 21, line 22]. 

Independent claim 80 recites a fiber, yarn or carpet [Page 21, line 24 - page 24, line 6] 
comprising tannic acid [Page 21, lines 25-32] and a topically applied fluorochemical [Page 22, 
lines 4-12]. 
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(6) GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Whether claims 45, 47-50, and 52 are prima facie obvious over U.S. Patent No. 
5,738,688 to De Lathauwer (hereinafter "De Lathauwer"). Whether claims 45, 47-50, and 52 are 
obvious over De Lathauwer. 

Whether claims 45 and 47 are prima facie obvious over U.S. Patent No. 4,842,646 to 
Gamblin (hereinafter "Gamblin"). Whether claims 45 and 47 are obvious over Gamblin. 

Whether claims 45 and 47 are prima facie obvious over U.S. Patent No. 4,094,701 to 
Fekete (hereinafter "Fekete"). Whether claims 45 and 47 are obvious over Fekete. 

Whether claims 51 and 53 are prima facie obvious over De Lathauwer in view of U.S. 
Patent No. 5,520,962 to Jones, Jr. (hereinafter "Jones"). Whether claims 51 and 53 are obvious 
over De Lathauwer in view of Jones. 

Whether claim 72 is prima facie obvious over De Lathauwer in view of Jones. Whether 
claims 70-76, and 78-82 are obvious over De Lathauwer in view of Jones. 

Whether claim 77 is obvious over De Lathauwer in view of U.S. Patent No. 5,403,362 to 
Gurley (hereinafter "Gurley"). 

(7) ARGUMENTS 

The claims do not stand or fall together. Instead, the Appellant presents separate 
arguments for various independent and dependent claims. Each of these arguments is separately 
argued below and is presented with separate headings. 

As there are no rejections under 35 U.S.C. §102 or 35 U.S.C. §112, the sole issue for 
appeal is the nonobviousness of the pending claims. Applicant asserts that the claims are 
nonobvious. 
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A. Rejection of claims 45, 47-50, and 52 under 35 U.S.C. §103(a). 

Claims 45, 47-50, and 52 stand rejected as obvious over De Lathauwer. Claims 45 and 
47 also stand rejected as obvious over Gamblin. Claims 45 and 47 also stand rejected as obvious 
over Fekete. Reversal of these rejections is respectfully requested for at least the reason that the 
Office Action has failed to set forth a legally sufficient prima facie obviousness rejection of the 
pending claims. Alternatively, reversal of these rejections is respectfully requested for at least 
the reason that Applicant's as-filed specification and responses during prosecution provided data 
evidencing unexpected and substantially superior results associated with the claimed 
compositions sufficient to overcome any prima facie obviousness rejection. 

Each of claims 45, 47-50, and 52 recites a sub-range of gallic acid content (i.e., "a gallic 
acid content of less than about 1.0 parts by weight") within the recited tannic acid element. The 
Office Action contends that "[i]t would have been obvious to one of ordinary skill in the art, 
absent a showing to the contrary, to optimize the gallic acid content limitation of tannic acid 
because the prior art of record teaches and invites the inclusion of any commercial tannic acid." 
Office Action at 11, 12, 13, and 111 (citing In re Peterson, 315 F.3d 1325, 1330, 65 USPQ2d 
1379, 1382 (Fed. Cir. 2003) (a copy is enclosed herewith in EVIDENCE APPENDIX)). The 
Action concedes that the cited references (i.e., De Lathauwer, Gamblin, and Fekete) fail to 
disclose or suggest a gallic acid content. Id. at 11, 12, and 13. Thus, the issue is whether a 
recited sub-range of gallic acid content within the tannic acid element is prima facie obvious 
over references that do not suggest the recited parameter. 

The Patent Law recognizes two exceptions to the rule that it is obvious to discover an 
optimum sub-range by routine experimentation: (1) the sub-range optimized was not recognized 
to be a result-effective variable, and (2) the results of optimization were unexpectedly good for 
the sub-range. It is noteworthy that nonobviousness of unrecognized result-effective variables is 
acknowledged separately from nonobviousness of unexpectedly good results. That is, it is 
legally unnecessary to demonstrate both non-recognition of result-effectiveness and 
unexpectedly good results for a claimed sub-range to be nonobvious. However, while it is not 



725838 



4 



ATTORNEY DOCKET NO. 03269.0109U1 
Application Serial No. 10/627,945 



necessary to demonstrate unexpectedly good results for claimed sub-ranges wherein the result- 
effectiveness was unrecognized, Applicant has demonstrated both for these claims. 

(1) Claims 45, 47-50, and 52 are not prima facie obvious over De Lathauwer, 
Gambin, and/or Fekete (individually or in combination) at least because the 
rejection is wrongly based upon the optimization of an unrecognized result-effective 
variable. 

It is well-established that a "particular parameter must first be recognized as a result- 
effective variable, i.e., a variable which achieves a recognized result, before the determination of 
the optimum or workable ranges of said variable might be characterized as routine 
experimentation." MPEP § 2144.05(II)(B) (citing In reAntonie, 559 F.2d 618 (CCPA 1977) 
(emphasis added) (a copy is enclosed herewith in EVIDENCE APPENDIX)). Thus, the 
nonobvious optimization of unrecognized result-effective variables is an exception to the general 
rule: 

In In re Aller ... the court set out the rule that the discovery of an optimum 
value of a variable in a known process is normally obvious. We have found 
exceptions to this rule in cases where the results of optimizing a variable, which 
was known to be result effective, were unexpectedly good. . . . This case, in 
which the parameter optimized was not recognized to be a result-effective 
variable, is another exception. 

In reAntonie, 559 F.2d 618, 620 (CCPA 1977) (emphasis added). 

Thus, if a parameter is unrecognized to be result-effective, one of skill would not know to 
employ his or her routine skill to produce the claimed invention. Said another way, if a 
parameter is unrecognized to be result-effective, optimization of such a parameter would not 
even be obvious to try. 

The opinions cited in the Office Action and by Applicant follow this rule. In Peterson, 
the claimed invention concerned "[a] nickel-base superalloy . . . consisting essentially of about 1 
to 3 percent rhenium [and] about 14 percent chromium." 315 F.3d at 1327. The Examiner had 
rejected the claim as obvious in view of the Shah reference, which disclosed "very broad ranges 
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for rhenium (0-7%) and chromium (3-18%)." Id. at 1328. The Court upheld the rejection and 
held that "selecting a narrow range from within a somewhat broader range disclosed in a prior art 
reference is no less obvious than identifying a range that simply overlaps a disclosed range." Id. 
at 1330 (emphasis added). Therefore, when a prior art reference recognizes that parameters {e.g., 
rhenium content and chromium content) are result effective, it can be prima facie obvious to 
optimize those parameters. 

In contrast, In reAntonie, 559 F.2d 618, 195 USPQ 6 (CCPA 1977), the claimed 
invention concerned a wastewater treatment device with a ratio of tank volume to contactor area 
of 0.12 gal./sq. ft., the optimum value in that it maximizes "treatment capacity" so that the 
effectiveness of a given contactor is maximized. The Examiner had rejected the claim as 
obvious in view of the El-Naggar reference, which disclosed the basic device in question, but 
failed to teach a ratio of tank volume to contactor area. Id. at 619. The Court reversed the 
rejection, holding that "[i]t is impossible to recognize , from . . . El-Naggar, that 'treatment 
capacity' is a function of 'tank volume' or the tank volume-to-contactor area ratio. Recognition 
of this functionality is essential to the obviousness of conducting experiments to determine the 
value of the 'tank volume' ratio which will maximize treatment capacity." Id. at 620 (emphasis 
added). Therefore, when the prior art fails to recognize a that parameter {e.g., tank volume to 
contractor ratio) is result effective, it is nonobvious to optimize those parameters. 

With respect to the pending claims, the Office Action failed to establish that any of the 
cited references - much less the skilled artisan - recognized that gallic acid content within tannic 
acid could achieve a recognized result. As such, while it may be arguably within the ordinary 
skill in the art to optimize a tannic acid concentration in view of the cited references, there is 
simply no disclosure in any of the cited references that evidences a recognition of any 
relationship whatsoever between gallic acid content and effectiveness of stain resistance. 
Moreover, the Office Action ignored its burden to set forth a legally sufficient prima facie 
rejection by making a bald assertion of obviousness and improperly shifting the burden upon the 
Applicant to show the sub-range of gallic acid content is unrecognized. Office Action at \i, %1, 
and T[3 ("It would have been obvious . . . absent a showing to the contrary, to optimize . . .). 
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(2) Claims 45, 47-50, and 52 are not obvious over De Lathauwer, Gambin, and/or 
Fekete (individually or in combination) at least because Applicant provided data 
evidencing unexpected and substantially superior results associated with the 
claimed compositions sufficient to overcome any prima facie obviousness rejection. 

It is well-established that, even if a prima facie case is established, "the presumption will 
be rebutted if it can be shown . . . that there are new and unexpected results relative to the prior 
art." Iron Grip Barbell Co. v. USA Sports, Inc., 392 F.3d 1317, 1322 (Fed. Cir. 2004) (a copy is 
enclosed herewith in EVIDENCE APPENDIX). While Applicant asserts that the pending claims 
are not prima facie obvious, Applicant's Response of February 26, 2007, enclosed the 
declaration of Dennis J. Jones, Jr. under 37 C.F.R. § 1.132 (hereinafter "Jones Declaration") (a 
copy is enclosed herewith in EVIDENCE APPENDIX), which demonstrated that compositions 
comprising tannic acid having the recited sub-range of gallic acid content provide fiber, yarn, or 
carpet having unexpected and substantially superior stain resistance. 

When determining whether a prima facie case of obviousness has been overcome, the 
examiner must consider all rebuttal evidence. MPEP §2144.08B. In fact, once a nexus between 
the evidence and the claimed invention is established, the evidence is entitled to substantial 
weight . Id. While the submitted evidence should be commensurate in scope with claimed 
invention, an examiner cannot require the applicant to show unexpected results over the entire 
range of properties possessed by a composition. MPEP §2144.08B. Indeed, evidence showing 
that a claimed composition possesses superior and unexpected properties in one of a spectrum of 
common properties can be sufficient to rebut a prima facie case of obviousness. Id. In fact, a 
showing of unexpected results for a single member of a claimed subgenus is sufficient to rebut a 
prima facie case of obviousness if a skilled artisan "could ascertain a trend in the exemplified 
data that would allow him to reasonably extend the probative value thereof." Id. 

The Jones declaration established such a nexus by showing that objective evidence of 
nonobviousness (i.e., compositions having the recited sub-range of gallic acid content produce 
fibers significantly more resistant to "browning" - indicating superior stain resistance) are 
attributable to the claimed invention (i.e, compositions having less than 1% gallic acid have 
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superior stain resistance, while compositions having gallic acid contents outside the claimed 
range are less stain resistant). Moreover, the Jones Declaration established criticality of the 
claimed sub-range by comparing stain resistance when using tannic acids having gallic acid 
contents within the claimed range (e.g., 0.96%) to tannic acids having gallic acid contents 
outside the claimed range (e.g., 5.26% and 12.05%). See Jones Declaration at |f 16-24. Because 
the cited references (in particular, the De Lathauwer reference) completely fail to address gallic 
acid content, Applicant compared the superior results obtained from the claimed gallic acid 
content ranges to the gallic acid contents in a variety of commercially available tannic acids (e.g., 
"any commercial tannic acid can be used."). Close inspection of the specification's examples 
reveals that procedures analogous, if not identical, to those used in the De Lathauwer reference 
were employed. Direct comparison of the claimed subject matter (e.g., 0.96%) to the closest 
examples outside the claimed range reveals substantially superior results. 

Because the all of the cited references completely failed to address gallic acid content, the 
substantially superior results due to the claimed gallic acid content that were demonstrated in the 
Jones declaration were unexpected to those of skill in the art at the time the invention was made. 
This conclusion is further supported by the Jones Declaration at f|f23-24. 

B. Rejection of claims 51 and 53 under 35 U.S.C. §103(a). 

Claims 51 and 53 stand rejected as obvious over De Lathauwer in view of Jones. 
Reversal of these rejections is respectfully requested for at least the reason that the Office Action 
has failed to set forth a legally sufficient prima facie obviousness rejection of the pending claims. 
Alternatively, reversal of these rejections is respectfully requested for at least the reason that 
Applicant's as-filed specification and responses during prosecution provided data evidencing 
unexpected and substantially superior results associated with the claimed compositions sufficient 
to overcome any prima facie obviousness rejection. 

As in claims 45, 47-50, each of claims 51 and 53 recites a sub-range of gallic acid content 
(i.e., "a gallic acid content of less than about 1.0 parts by weight") within the recited tannic acid 
element. As set forth above, De Lathauwer is completely silent with respect to gallic acid 
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content. Likewise, Jones does not make any disclosure regarding gallic acid; instead, the Office 
Action cites this reference for its disclosure of fluorochemicals. As such, the disclosure of Jones 
cannot remedy this flawed rejection. Thus, no prima facie obviousness rejection can be made 
when the cited references fail to recognize the relationship between gallic acid content and stain 
resistance. 

Moreover, as set forth above, the Jones declaration established that compositions having 
the recited sub-range of gallic acid content produce fibers significantly more resistant to 
"browning" - indicating superior stain resistance. Therefore, even if a prima facie case had been 
made, claims 51 and 53 are nonobvious in view of the substantially superior results demonstrated 
and set forth in the application and the Jones Declaration. 

C. Rejection of claims 70-76, and 78-82 under 35 U.S.C. §103fa). 

Claims 70-76, and 78-82 also stand rejected as obvious over De Lathauwer in view of 
Jones. Reversal of these rejections is respectfully requested for at least the reason that 
Applicant's as-filed specification and responses during prosecution provided data evidencing 
unexpected and substantially superior results associated with the claimed compositions sufficient 
to overcome any prima facie obviousness rejection. 

Each of claims 70-76 and 78-79 recites, inter alia, a first aqueous treating composition 
comprising tannic acid; and a separate second topical treating composition comprising a 
fluorochemical. Similarly, each of claims 70-76 and 78-79 recites, inter alia, a fiber, yarn or 
carpet comprising a tannic acid and a topically applied fluorochemical. 

De Lathauwer is silent with respect to a composition comprising a fluorochemical. Jones 
is silent with respect to a composition comprising tannic acid. The Office Action asserts that it 
would have been obvious to combine the teachings of De Lathauwer and Jones to arrive at the 
pending claims, arguing essentially that it would be obvious because the two references are 
directed to the same objective. 
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Applicant respectively disagrees that these claims are obvious. As demonstrated in the 
Jones Declaration (see ff 25-30), the recited two two-part aqueous treatment provides unexpected 
and substantially superior stain resistance when applied to a fiber, yarn, or carpet. More 
specifically, the claimed two-part treatment produced fibers significantly more resistant to 
"browning" as well as having improved stain resistance in general, as summarized in the Table 
(and represented graphically in Graphs I-IV). See Jones declaration at pp. 9-12. In each graph, 
when the inventive examples {i.e., a separate, topically applied fluorochemical was used) were 
substantially superior to the comparative examples (e.g., De Lathauwer), irrespective of which 
commercially available tannic acid was employed. That is, the inventive examples ("K" in 
Graphs I-II and "L" in Graphs III-IV) exhibit significantly lower "browning" (Graphs I-II) and 
total stain (Graphs III-IV) than the comparative examples ("A" in Graphs I-II and "E" in Graphs 
III-IV). Conditions and results for each example used were listed in the Table. Again, close 
inspection of the specification's examples reveals that procedures analogous, if not identical, to 
those used in the De Lathauwer reference were employed. 

Neither the combination of tannic acid and a separate, topical fluorochemical treatment 
nor improved stain resistance resulting therefrom is disclosed or suggested anywhere in the cited 
references. Thus, Applicant asserts that the substantially superior results of the claimed 
combination demonstrated in the Jones Declaration were unexpected to those of skill in the art at 
the time the invention was made. Thus, in view of these data, the combination of a first aqueous 
treating composition comprising tannic acid and a separate second topical treating composition 
comprising a fluorochemical is not obvious. 

Moreover, it is noted that claim 72 recites, inter alia, the element of "wherein the tannic 
acid has a gallic acid content of less than about 1.0 part by weight, based on a total weight of the 
aqueous treating composition." As with claims 45 and 47-53, this claim cannot be prima facie 
obvious for at least the reasons set forth above (i.e., failure of the cited references to recognize a 
relationship between gallic acid content and stain resistance). 
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D. Rejection of claim 77 under 35 U.S.C. §103fa). 

Claim 77 stands rejected as obvious over De Lathauwer in view of Gurley. While the 
Office Action has expressly rejected claim 77 as obvious over De Lathauwer in view of Gurley, 
Applicant presumes that it is the intent of the Office Action to reject claim 77 as obvious over De 
Lathauwer in view of Jones and further in view of Gurley. In either case, Applicant disagrees 
with the rejection. 

Again, claim 77 recites, inter alia, a first aqueous treating composition comprising tannic 
acid; and a separate second topical treating composition comprising a fluorochemical. As set 
forth in detail above, De Lathauwer is silent with respect to a composition comprising a 
fluorochemical, and Jones is silent with respect to a composition comprising tannic acid. 
Moreover, Gurley merely discloses the use of stannous chloride and does not remedy the 
deficiencies in the alleged combination of De Lathauwer and Jones. 

For reasons analogous to that set forth with respect to claims 70-76, and 78-82, supra, 
any alleged prima facie obviousness of claim 77 would be overcome by the showing of 
unexpected and substantially superior results provided in the Jones Declaration. In view of these 
data, the combination of a first aqueous treating composition comprising tannic acid, wherein the 
first composition further comprises a crosslinking agent comprising stannous chloride, and a 
separate second topical treating composition comprising a fluorochemical is not obvious and is, 
therefore, allowable. 
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CONCLUSION 

For at least the reasons set forth above, the Appellant respectfully requests reversal of the 
pending rejections. 

A period was set for response, nominally ending the later of the balance of the two-month 
time period running from receipt of the notice of appeal mailed August 20, 2007, or one month 
from the mailing date of the Decision of Panel from Pre- Appeal Brief Review mailed October 2, 
2007. Enclosed herewith is a Request for Two-Month Extension of Time, thereby extending the 
due date to January 2, 2008. Therefore, this paper is timely. 

Payment in the amount of $970.00, (reflecting the $510.00 fee for Filing a Brief in 
Support of Appeal and the $460.00 fee for the Request for Two-Month Extension of Time), is 
enclosed herewith. The payment is made electronically to be charged to a credit card. No 
further fee is believed due. However, the Commissioner is hereby authorized to charge any fees 
that may be required or credit any overpayment to Deposit Account No. 14-0629. 



NEEDLE & ROSENBERG, P.C. 
Customer Number 23859 
(678) 420-9300 Phone 
(678) 420-9301 Fax 



Respectfully submitted, 
NEEDLE & ROSENBERG, P.C. 



D. Brian Shortell, JD, 
Registration No. 56,020 



CERTIFICATE OF EFS-WEB TRANSMISSION UNDER 37 C.F.R. S 1.8 

- including any items indicated as attached, enclosed, or included - is being transmitted by 



D. Brian Shortell, JD, PhD 
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(8) CLAIMS APPENDIX 

1-44. (canceled) 

45. (previously presented) An aqueous treating composition comprising tannic acid having a 
gallic acid content of less than about 1.0 parts by weight (pbw), wherein the tannic acid is 
present in the aqueous treating composition at up to about 0.5 pbw, based on a total weight of the 
aqueous treating composition. 

46. (canceled) 

47. (previously presented) The treating composition of claim 45, wherein the tannic acid is 
present in the composition at from about 0.005 pbw to about 0.4 pbw. 

48. (previously presented) The aqueous treating composition of claim 45 having a pH of less 
than about 3.0. 

49. (previously presented) The aqueous treating composition of claim 45, further comprising: 

a) a stain resist compound; 

b) a crosslinking agent; 

c) a fluorochemical; or 

d) an organosilicate material. 

50. (previously presented) The aqueous treating composition of claim 49, wherein the stain 
resist compound is present and comprises: 

a) a polymer or copolymer of methacrylic acid; 

b) a phenolic resin; 

c) styrene-maleic anhydride copolymer; or 
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d) an aqueous emulsion of polymerized monomers, wherein the monomers 
comprise (meth)acrylic acid, alkyl (meth)acrylic acid, and a substituted or 
unsubstituted styrene. 

51. (previously presented) The aqueous treating composition of claim 49, wherein the stain 
resist compound is present at from greater than 0.0 pbw to about 2.0 pbw solids, based on a total 
weight of the aqueous treating composition. 

52. (previously presented) The aqueous treating composition of claim 49, wherein the 
crosslinking agent is present and comprises antimony potassium tartrate or stannous chloride. 

53. (previously presented) The aqueous treating composition of claim 49, wherein the 
fluorochemical is present at from about 0.001 pbw to about 5.0 pbw, based on a total weight of 
the aqueous treatment composition. 

54-69. (canceled) 

70. (previously presented) A two-part aqueous treatment comprising: 

a. a first aqueous treating composition comprising tannic acid; and 

b. a separate second topical treating composition comprising a fluorochemical. 

71. (previously presented) The aqueous treatment of claim 70, wherein the tannic acid has a 
gallic acid content of less than about 3.0 parts by weight, based on a total weight of the 
aqueous treating composition. 

72. (previously presented) The aqueous treatment of claim 70, wherein the tannic acid has a 
gallic acid content of less than about 1 .0 part by weight, based on a total weight of the 
aqueous treating composition. 
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73. (previously presented) The aqueous treatment of claim 70, wherein the first aqueous treating 
composition comprises an immersion bath. 

74. (previously presented) The aqueous treatment of claim 70, wherein the second topical 
treating composition comprises a spray, a foam, or a combination thereof. 

75. (previously presented) The aqueous treatment of claim 70, wherein the first aqueous treating 
composition further comprises a crosslinking agent. 

76. (previously presented) The aqueous treatment of claim 75, wherein the crosslinking agent 
comprises antimony potassium tartrate. 

77. (previously presented) The aqueous treatment of claim 75, wherein the crosslinking agent 
comprises stannous chloride. 

78. (previously presented) The aqueous treatment of claim 70, wherein the second topical 
treating solution further comprises: 

a. a stain resist compound; 

b. a crosslinking agent; or 

c. an organosilicate material. 

79. (previously presented) The aqueous treatment of claim 78, wherein the stain resist compound 
is present in the second topical treating composition and comprises: 

a. a polymer or copolymer of methacrylic acid; 

b. a phenolic resin; 

c. styrene-maleic anhydride copolymer; or 

d. an aqueous emulsion of polymerized monomers, wherein the monomers comprise 
(meth)acrylic acid, alkyl (meth)acrylic acid, and a substituted or unsubstituted 
styrene. 
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80. (previously presented) A fiber, yarn or carpet comprising tannic acid and a topically applied 
fluorochemical. 

81. (previously presented) The fiber, yarn or carpet of claim 80, wherein the tannic acid has a 
gallic acid content of less than about 3.0 parts by weight, based on a total weight of the 
aqueous treating composition. 

82. (previously presented) The fiber, yarn or carpet of claim 80, wherein the tannic acid has a 
gallic acid content of less than about 1 .0 part by weight, based on a total weight of the 
aqueous treating composition. 
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(9) EVIDENCE APPENDIX 

Copies of cited case law are enclosed herewith: 

In re Peterson, 315 F.3d 1325, 1330, 65 USPQ2d 1379, 1382 (Fed. Cir. 2003). 
In reAntonie, 559 F.2d 618 (CCPA 1977). 

Iron Grip Barbell Co. v. USA Sports, Inc., 392 F.3d 1317, 1322 (Fed. Cir. 2004). 

A copy of the Declaration under 37 C.F.R. § 1.132 of Dennis J. Jones, Jr. is enclosed 
herewith (this declaration submitted by Applicant February 22, 2007, and 
addressed by examiner in Office Action). 

Copies of references cited in Office Action are enclosed herewith: 

U.S. Patent No. 5,738,688 to De Lathauwer. 

U.S. Patent No. 4,842,646 to Gamblin. 

U.S. Patent No. 4,094,701 to Fekete. 

U.S. Patent No. 5,520,962 to Jones, Jr. 

U.S. Patent No. 5,403,362 to Gurley. 

(10) RELATED PROCEEDINGS APPENDIX 

None. 
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LEXSEE 315 F3D 1325 
IN RE LANCE G. PETERSON and IOANNIS VASATIS 
02-1129, (Serial no. 08/365,392) 
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COUNSEL: James T. Hosmer, Nixon & Vanderhye 
P.C., of Arlington, Virginia, argued for appellants. With 
him on the brief was Leonard C. Mitchard. 

William LaMarca, Associate Solicitor, Office of the 
Director of the United States Patent and Trademark 
Office, of Arlington, Virginia, argued for the Director. 
With him on the brief were John M. Whealan, Solicitor, 
and Joseph Piccolo, Associate Solicitor. 

JUDGES: Before LOURIE, BRYSON, and DYK, 
Circuit Judges. 

OPINIONBY: LOURIE 

OPINION: [*1326] LOURIE, Circuit Judge. 

Lance G. Peterson and Ioannis Vasatis (collectively, 
"Peterson") appeal from the decision of the U.S. Patent 
and Trademark Office ("PTO") Board of Patent Appeals 
and Interferences affirming the rejection of claims 1-7 of 
U.S. Patent Application 08/365,392 as obvious under 35 
U.S.C. § 103. Ex Parte Wood, Appeal No. 1998-0535, 
Paper No. 19 (B.P.A.I. Apr. 23, [*1327] 2001). Because 
substantial evidence supports the Board's factual findings 
and the Board did not err in its conclusion of 
obviousness, we affirm. 

BACKGROUND 

On December 28, 1994, Mr. Peterson filed U. [**2] 
S. Patent Application 08/365,392, which is directed to a 
nickel-base single-crystal superalloy used in the 
manufacture of industrial gas turbine engines exposed to 



high temperatures. The claimed composition includes a 
relatively small amount of rhenium and aims to improve 
a single-crystal alloy's mechanical strength without 
reducing its hot corrosion resistance. Representative 
claim 5 recites: 



A nickel-base superalloy having special 
utility in the production of single crystal 
gas turbine engine blades consisting 
essentially of about 1 to 3 percent 
rhenium, about 14 percent chromium, 
about 9.5 percent cobalt, about 3.8 percent 
tungsten, about 2 percent tantalum, about 
1.5 percent molybdenum, about 0.05 
percent carbon, about 0.004 percent boron 
and, respectively, from about 3 to 4.8 
percent aluminum, from about 4.8 percent 
to about 3 percent titanium, and balance 
substantially nickel. 



(emphases added). Peterson and the Board considered 
that the other claims stand or fall with claim 5, and we 
will therefore consider only claim 5. 

The examiner rejected claims 1-7 under 35 U.S.C. § 
103 as obvious over the following prior art references: 
(1) [**3] published European Patent Application 
240,451 ("Shah"); (2) published European Patent 
Application 076,360 ("Wukusick") alone or in view of 
U.K. Patent 2,153,848 ("Duhl"); and (3) U.S. Patent 
3,619,182 ("Bieber") in view of Wukusick. For each 
ground of rejection, the examiner found a prima facie 
case of obviousness based on the overlapping element 
ranges of the prior art compositions and the claimed 
composition. Peterson responded by arguing that his 
invention would not have been obvious because the prior 
art disclosed only the optional use of rhenium and did 
not suggest that controlled amounts of rhenium would 
result in advantageous mechanical properties. Peterson 
also pointed to the unexpected results achieved by his 
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invention: namely, the increased stress rupture life 
resulting from the addition of a small amount of 
rhenium. The examiner rejected those arguments in a 
final office action, finding that Peterson had failed to 
show criticality of the selected amount of rhenium 
commensurate in scope with the claims. 

The Board affirmed the examiner's rejection. First, 
the Board found that the disclosure of overlapping ranges 
in Shah, Wukusick, and Bieber each established a prima 
[**4] facie case of obviousness. With respect to the 
rejection based primarily on Wukusick, the Board 
determined that the claimed range of "about 14 percent 
chromium" encompassed Wukusick's teaching to use up 
to 12% chromium Secondly, the Board found that 
Peterson had failed to show that the claimed alloy 
possesses properties that would have been considered 
unexpected by a person of ordinary skill in the art. 
Specifically, the Board found that Peterson had not 
compared the claimed invention with the closest prior art 
(Wukusick's Alloy 2) and had not shown that the claimed 
range of rhenium was critical to improving stress rupture 
life. Thus, the Board concluded that Peterson's evidence 
of nonobviousness did not outweigh the evidence of 
obviousness and affirmed the examiner's rejection of 
claims 1-7. 

Peterson timely appealed. We have jurisdiction 
pursuant to 28 U.S.C. § 1295(a)(4)(A). 

[*1328] DISCUSSION 

The ultimate determination whether an invention 
would have been obvious under 35 U.S.C. § 103 is a 
legal conclusion based on underlying findings of fact. In 
reKotzab, 217 F.3d 1365, 1369, 55 USPQ2d 1313, 1 31 6 
(Fed. Cir. 2000). We [**5] review the Board's legal 
conclusion of obviousness de novo and its underlying 
factual determinations for substantial evidence. In re 
Gartside, 203 F.3d 1305, 1316, 53 USPQ2d 1769, 1776 
(Fed. Cir. 2000). Whether an invention has produced 
unexpected results and whether a reference teaches away 
from a claimed invention are questions of fact. In re 
Mayne, 104 F.3d 1339, 1343, 41 USPQ2d 1451, 1455 
(Fed. Cir. 1997) (unexpected results); Para-Ordnance 
Mfg. v. SGS Importers Int'l, 73 F.3d 1085, 1088, 37 
USPQ2d 1237, 1239 (Fed. Cir. 1995) (teaching away). 
Under the substantial evidence standard, we affirm the 
Board's factual determinations if they are based upon 
"such relevant evidence as a reasonable mind might 
accept as adequate to support a conclusion." In re 
Gartside, 203 F.3d at 1312, 53 USPQ at 1773 (quoting 
Consolidated Edison Co. v. NLRB, 305 U.S. 197, 217, 83 
L. Ed. 126, 59 S. Ct. 206 (1938)). 

On appeal, Peterson argues that the cited prior art 
does not establish a prima facie case of obviousness 
because it does not suggest the claimed combination of 



"about 1 to 3 percent rhenium" with "about [**6] 14 
percent chromium" to create an alloy having improved 
strength. As to the first ground of rejection, Peterson 
contends that a skilled artisan would not have assumed 
from Shah that using the claimed amounts of rhenium 
and chromium would improve alloy strength because 
Shah defines very broad ranges for rhenium (0-7%) and 
chromium (3-18%), mentions rhenium only as an 
optional ingredient, and discloses a preferred alloy 
containing no rhenium. With respect to the second 
ground of rejection, Peterson asserts that the Board 
misconstrued the phrase "about 14 percent chromium" to 
include 12% chromium. Peterson also argues that 
Wukusick only discloses the optional use of rhenium and 
does not suggest the combined use of rhenium and 
chromium in the amounts claimed. As to the final ground 
of rejection, Peterson argues that Bieber does not 
mention rhenium as a component in its alloys and even 
warns that increasing the chromium content to improve 
corrosion resistance will have "catastrophic effects" on 
other properties. 

Peterson alternatively argues that, even if a prima 
facie case of obviousness were established, the Board 
erred in determining that the evidence of nonobviousness 
was insufficient [**7] to rebut the prima facie case. 
Peterson points out that the claimed invention was the 
first to achieve the combination of corrosion resistance 
and improved strength for nickel-base single-crystal 
superalloys. Peterson thus contends that the examiner 
and the Board failed to appreciate the criticality of and 
the unexpected results achieved by the claimed 
combination of about 1-3% rhenium with, among other 
elements, about 14% chromium. Peterson further argues 
that Wukusick and Bieber teach away from the claimed 
invention by warning that high chromium contents can 
adversely affect alloy strength. 

The PTO responds that the Board correctly found 
that the claimed composition would have been obvious 
based on any one of the three grounds of rejection 
because Shah, Wukusick, and Bieber all disclose ranges 
of elements that overlap the claimed ranges. The PTO 
argues that the Board properly interpreted the phrase 
"about 14 percent chromium" to include Wukusick's 12% 
chromium because Example I in Peterson's application 
discloses a superalloy containing 12.03% chromium. 

[*1329] The PTO further responds that the Board 
correctly determined that Peterson failed to overcome the 
prima facie case of [**8] obviousness. The PTO 
contends that substantial evidence supports the Board's 
findings that Wukusick does not teach away from the 
invention and that Peterson failed to show unexpected 
results. Specifically, the PTO points out that Peterson's 
specification shows improved performance in stress 
rupture life only for 2% rhenium, rather than for the full 
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claimed range of about 1-3% rhenium, and that Peterson 
failed to compare his results with the closest prior art. 

A. The Prima Facie Case of Obviousness 

A prima facie case of obviousness typically exists 
when the ranges of a claimed composition overlap the 
ranges disclosed in the prior art. E.g., In re Geisler, 116 
F.3d 1465, 1469, 43 USPQ2d 1362, 1365 (Fed. Cir. 



1997); In re Woodruff, 919F.2d 1575, 1578, 16 USPQ2d 
1934, 1936-37 (CCPA 1976); In re Malagari, 499 F.2d 
1297, 1303, 182 USPQ 549, 553 (CCPA 1974). Such is 
the case here. Claim 5 of Peterson's application recites 
and Shah discloses superalloys having the following 
compositions: 



Claim 5 Shah 



Rhenium 


about 1-3% 


0-7% 


Chromium 


about 14% 


3-18% 


Cobalt 


about 9.5% 


0-20% 


Tungsten 


about 3.8% 


0-18% 


Tantalum 


about 2% 


0-15% 


Molybdenum 


about 1.5% 


0-4% 


Carbon 


about 0.05% 


at least 0.002% 


Boron 


about 0.004% 


at least 0.002% 


Aluminum 


about 3-4.8% 


3-8% 


Titanium 


about 4.8% to 3% 


0-5% 


Nickel 


balance 


balance 



[**9] 

Clearly, Peterson's application and Shah contain 
overlapping ranges, as each range listed in Peterson's 
claim 5 lies within the corresponding range disclosed in 
Shah. Thus, Shah's ranges encompass Peterson's. 

Peterson argues that, despite that overlap, it would 
not have been prima facie obvious to select the claimed 
narrower ranges of rhenium and chromium from Shah's 
broader ranges of those elements. We disagree. In cases 
involving overlapping ranges, we and our predecessor 
court have consistently held that even a slight overlap in 
range establishes a prima facie case of obviousness. E.g., 
In re Woodruff, 919 F.2d at 1578, 16 USPQ2d at 1936- 
37 (concluding that a claimed invention was rendered 
obvious by a prior art reference whose disclosed range 
("about 1-5%" carbon monoxide) abutted the claimed 
range ("more than 5% to about 25%" carbon monoxide)); 
In re Malagari, 499 F.2d at 1303, 182 USPQ at 553 
(concluding that a claimed invention was rendered prima 
facie obvious by a prior art reference whose disclosed 
range (0.020-0.035% carbon) overlapped the claimed 
range (0.030-0.070% carbon)); see also In re Geisler, 
116 F.3d at 1469, 43 USPQ2d at 1365 [**10] 
(acknowledging that a claimed invention was rendered 
prima facie obvious by a prior art reference whose 
disclosed range (50-100 Angstroms) overlapped the 
claimed range (100-600 Angstroms)). We have also held 
that a prima facie case of obviousness exists when the 
claimed range and the prior art range do not overlap but 



are close enough such that one skilled in the art would 
have expected them to have the same properties. 
Titanium Metals Corp. v. Banner, 778 F.2d 775, 783, 
227 USPQ 773, 779 (Fed. Cir. 1985) (concluding that a 
claim directed to an alloy containing "0.8% nickel, 0.3% 
molybdenum, up to 0.1% maximum iron, balance 
titanium" would have been prima facie obvious in view 
of a reference disclosing alloys containing 0.75% nickel, 
0.25% molybdenum, balance titanium and 0.94% nickel, 
0.31% molybdenum, balance titanium). 

In light of that case law, we conclude that a prima 
facie case of obviousness was made out in this case. 
Selecting a narrow range from within a somewhat 
[*1330] broader range disclosed in a prior art reference 
is no less obvious than identifying a range that simply 
overlaps a disclosed range. In fact, when, as here, the 
claimed ranges [**11] are completely encompassed by 
the prior art, the conclusion is even more compelling 
than in cases of mere overlap. The normal desire of 
scientists or artisans to improve upon what is already 
generally known provides the motivation to determine 
where in a disclosed set of percentage ranges is the 
optimum combination of percentages. See In re Boesch, 
617 F.2d 272, 276, 205 USPQ 215, 219 (CCPA 1980) 
("Discovery of an optimum value of a result effective 
variable in a known process is ordinarily within the skill 
of the art." (citations omitted)), nl We therefore 
conclude that a prior art reference that discloses a range 
encompassing a somewhat narrower claimed range is 
sufficient to establish a prima facie case of obviousness. 
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That is not to say that the claimed composition having a 
narrower range is unpatentable. Rather, the existence of 
overlapping or encompassing ranges shifts the burden to 
the applicant to show that his invention would not have 
been obvious, as we discuss below. Accordingly, 
because Shah's ranges encompass Peterson's, we 
conclude that the Board did not err in determining that 
Shah renders Peterson's claimed composition prima facie 
obvious. n2 [** 12] 



nl Although ranges that are not especially 
broad invite routine experimentation to discover 
optimum values, rather than require nonobvious 
invention, we do not have here any assertion that 
the disclosed range is so broad as to encompass a 
very large number of possible distinct 
compositions. We thus do not need to decide 
whether a disclosed range of such breadth might 
present a situation analogous to our cases 
involving the failure of a very broad disclosed 
genus of substances to render prima facie obvious 
specific substances within its scope. See, e.g., In 
re Baird, 16 F.3d 380, 29 USPQ2d 1550 (Fed. 
Cir. 1994); In re Jones, 958 F.2d 347, 21 
USPQ2d 1941 (Fed. Cir. 1992). 

n2 Consequently, we need not address the 
prima facie obviousness arguments based on the 
Wukusick, Duhl, and Bieber references. We note, 
however, that those references are less 
convincing than Shah in creating a prima facie 
case of obviousness. There is no genuine overlap 
between Wukusick's disclosed range of 7-12% 
chromium and Peterson's claimed range of "about 
14 percent chromium." Peterson's only mention 
of an alloy having about 12% chromium is of a 
test alloy in its comparative Example I; it is not 
an example of Peterson's invention. Duhl and 
Bieber do not even mention rhenium, let alone 
disclose compositions with rhenium. 

[**13] 

B. Rebuttal of the Prima Facie Case 

We turn next to Peterson's attempt to rebut the prima 
facie case of obviousness. In general, an applicant may 
overcome a prima facie case of obviousness by 
establishing "that the [claimed] range is critical, 
generally by showing that the claimed range achieves 
unexpected results relative to the prior art range." In re 
Geisler, 116 F.3d at 1469-70, 43 USPQ2d at 1365 
(alteration in original) (quoting In re Woodruff, 919 F.2d 
at 1578, 16 USPQ2d at 1936). That same standard 
applies when, as here, the applicant seeks to optimize 



certain variables by selecting narrow ranges from 
broader ranges disclosed in the prior art. See In re 
Geisler, 116 F.3d at 1470, 43 USPQ2d at 1365 ("Only if 
the 'results of optimizing a variable' are 'unexpectedly 
good' can a patent be obtained for the claimed critical 
range." (quoting In re Antonie, 559 F.2d 618, 620, 195 
USPQ 6, 8 (CCPA 1977))); In re Wertheim, 541 F.2d 
257, 267, 191 USPQ 90, 100 (CCPA 1976) (recognizing 
that "ranges which overlap or lie inside ranges disclosed 
by the prior art may be patentable if the applicant [**14] 
can show criticality in the claimed range by evidence of 
unexpected results"). Moreover, the applicant's showing 
of unexpected results must be commensurate in scope 
with the claimed range. See In re Greenfield, 571 F.2d 
1185, 1189, 197 USPQ 227, 230 (CCPA 1978) [*1331] 
("Establishing that one (or a small number of) species 
gives unexpected results is inadequate proof, for 'it is the 
view of this court that objective evidence of non- 
obviousness must be commensurate in scope with the 
claims which the evidence is offered to support.'" 
(quoting In re Tiffin, 58 CCPA. 1420, 448 F.2d 791, 
792, 171 USPQ 294, 294 (CCPA 1971))). 

We agree with the PTO that substantial evidence 
supports the Board's finding that Peterson failed to show 
that the addition of rhenium results in unexpected 
improvements in alloy strength for the entire claimed 
range of "about 1 to 3 percent" rhenium. The 
specification includes several examples of superalloy 
compositions and their respective strengths, measured by 
average rupture life. Of most relevance are the following 
data disclosed in those examples: Example I, which 
contains no rhenium, resulted in an average rupture life 
of about [**15] 34 hours. Example II, which includes 
1% rhenium, resulted in an average rupture life of about 
57 hours. Example III, which contains 2% rhenium, 
resulted in an average rupture life of about 1 14 hours. 

Although those data show that alloy strength 
improved with the addition of rhenium, they do not 
evidence unexpected results for the entire claimed range 
of about 1-3% rhenium. From the few data points 
provided, the most significant improvement in stress 
rupture life occurred with the addition of 2% rhenium. 
However, the Board's implicit conclusion that the 
addition of rhenium in the lower portion of the claimed 
range did not produce unexpected results (i.e., the 
addition of 1% rhenium increased stress rupture life from 
34 hours to only 57 hours) is supported by substantial 
evidence, and there are no data to show that the addition 
of rhenium in the uppermost portion of the claimed range 
(i.e., 3% rhenium) would lead to unexpected results. In 
fact, the only data that report the stress rupture life of an 
alloy having 3% rhenium seem to suggest the opposite. 
In an experiment similar to that demonstrated by 
Examples I-III, Example IV includes no rhenium and 



315 F.3d 1325, *; 2003 U.S. App. LEXIS 233, **; 
65 U.S.P.Q.2D (BNA) 1379 



resulted in an average rupture [**16] life of about 148 
hours. Example V, which contains 2% rhenium, resulted 
in an average rupture life of about 275 hours. Example 
VI, which contains 3% rhenium but less titanium than 
Examples IV and V, resulted in an average rupture life of 
only about 130 hours. Thus, the only data for an alloy 
containing 3% rhenium actually show a decrease in 
average rupture life as compared with alloys having 0% 
or 2% rhenium. Moreover, whether an applicant has 
shown unexpected results is a question of fact, on which 
we defer to the Board. We therefore conclude that 
substantial evidence supports the Board's finding that 
Peterson has not shown unexpected results that are 
commensurate in scope with the claimed range of "about 
1-3 percent" rhenium. 

Alternatively, an applicant may rebut a prima facie 
case of obviousness by showing that the prior art teaches 
away from the claimed invention in any material respect. 
In re Geisler, 116 F.3d at 1469, 43 USPQ2d at 1365 
(quoting In re Malagari, 499 F.2d at 1303, 182 USPQ at 
553). Peterson contends that the prior art teaches away 
from the claimed invention in that Wukusick teaches that 
the amount of chromium must be reduced [**17] when 
rhenium is added to a nickel-base superalloy for strength 
purposes. Peterson also argues that Bieber teaches away 
from the invention by warning that a high chromium 
content can have "catastrophic effects" on alloy strength. 
We agree with the PTO that substantial evidence 
supports the Board's finding that the prior art does not 
teach away from the claimed invention. Although the 
Board [*1332] did not expressly address "teaching 
away" in the context of Peterson's attempt to rebut the 
prima facie case of obviousness, it did find that the Shah, 
Wukusick, and Bieber references teach the invention and 
themselves establish prima facie cases of obviousness. 
Implicitly, then, the Board found that those references do 
not teach away from Peterson's invention. Certainly the 
Shah reference, the rejection on which we have affirmed 
the Board's decision, does not teach away from the 
invention. While it mentions a preferred alloy that does 
not contain rhenium, it does not disparage or otherwise 
discourage the use of alloys containing rhenium. 
Although Wukusick and Bieber may suggest upper limits 
on chromium content in order to avoid adverse effects on 
alloy strength, they disclose alloys containing [**18] as 
much as 12% and 14% chromium, respectively. 
Moreover, Wukusick expressly teaches that adding 
rhenium will improve high-temperature strength. Thus, 
substantial evidence supports the Board's factual finding 
that the prior art does not teach away from Peterson's 
combination of about 1-3% rhenium with about 14% 
chromium. We thus conclude that the Board did not err 
in its determination that Peterson failed to rebut the 
prima facie case of obviousness or in its ultimate 



conclusion that Peterson's claimed superalloy would 
have been obvious under § 103. 



CONCLUSION 

Substantial evidence supports the Board's findings 
that Peterson's claimed element ranges are encompassed 
by the ranges disclosed in the Shah reference, that 
Peterson did not show unexpected results commensurate 
in scope with the claimed range of rhenium, and that the 
prior art does not teach away from the claimed invention. 
Thus, the Board did not err in concluding that claims 1-7 
would have been obvious under § 103. Accordingly, the 
Board's decision is 



Page 1 

559 F.2d 618, *; 1977 CCPA LEXIS 118, **; 
195 U.S.P.Q. (BNA) 6 

IN THE MATTER OF THE APPLICATION OF RONALD L. ANTONIE 
Patent Appeal No. 76-681. 
UNITED STATES COURT OF CUSTOMS AND PATENT APPEALS 
559 F.2d 618; 1977 CCPA LEXIS 118; 195 U.S.P.Q. (BNA) 6 
AUGUST 18, 1977, Decided 



PRIOR HISTORY: [**1] 
Serial No. 331,796. 



COUNSEL: 

Arthur H. Seidel, Thomas W. Ehrmann, Milwaukee, 
Wis. (Quarles & Brady, Milwaukee, Wis.), attorneys of 
record, for appellant. 

Joseph F. Nakamura, Washington, D.C. for the 
Commissioner of Patents, R. D. Edmonds, Washington, 
D.C, of counsel. 

OPINION BY: 

BALDWIN 

OPINION: [*618] 
BALDWIN, Judge. 

This is an appeal from a decision of the Patent and 
Trademark Office (PTO) Board of Appeals (board) 
affirming the rejection of claims 1, 2 and 3 of an 
application for "Rotating Biological Contactor 
Apparatus" nl/ as obvious under 35 (JSC 103 in view of 
El-Naggar. n2/ We reverse. 



nl/ Serial No. 331, 796, filed February 12, 
1973. 

n2/ "Method of Treatment of Sewage by Bio- 
Oxidation and Apparatus Therefor," U.S. Patent 
No. 3,335,081, issued August 8, 1967. 

The Invention 

Appellant claims a wastewater treatment device in 
which wastewater is continuously passed through a tank. 
Semiimmersed contactors (disks) are continuously 
rotated to aerate their immersed portions and thereby to 
aerate both microorganisms that grow on the contactors 
and the wastewater itself. For this discussion, several 



variables are important in this device. "Throughput" is 
the volume [**2] of wastewater per unit time (gal/day) 
which the device must treat. "Contactor area" is the total 
area of the contactors which is exposed to the wastewater 
as the contactors are rotated (sq. ft.). "Tank volume" is 
the actual volume of liquid in the tanks in which the 
contactors [*619] rotate (gal.). The ratio of throughput 
to contactor area (gal./day/sq. ft.) is called the "hydraulic 
loading." Two concepts of effectiveness of the 
equipment are important in this discussion. The primary 
prior art reference uses the term"efficiency" to denote the 
percent impurity reduction which a given set-up of the 
device achieves and we shall so use the term. Appellant 
uses the term "maximum treatment capacity" to denote 
when a unit of contactor area is providing maximum 
"efficiency" for a given "throughput" or maximum 
"throughput" for a given "efficiency." It is essential to 
understand the distinction between "efficiency," a matter 
of ultimate effectiveness independent of the efficiency of 
the equipment, and "treatment capacity," a matter of the 
efficiency or effectiveness of a unit of contactor area. 
The latter is more properly associated with the normal 
use of the term "efficiency" denoting [**3] maximum 
result from a limited resource. 

Appellant's claimed device has a ratio of tank 
volume to contactor area of 0.12 gal./sq. ft. n3/ 
Appellant maintains that this ratio is the most desirable 
or optimum for all set-ups of the device in the sense that 
using a lower value gives lower "treatment capacity" and 
using a greater value gives no increase in "treatment 
capacity," merely increasing costs. Thus, the value is 
optimum in that it maximizes "treatment capacity" so 
that the effectiveness of a given contactor is maximized. 



n3/ Claims 1 and 2 recite "at least about 
0.12" while claim 3 recites "about 0.12." 

The Prior Art 

El-Naggar teaches the basic structure of the device 
claimed by appellant but is silent regarding quantitative 
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design parameters other than to give data on a single 
example, which data was apparently complete except for 
any discussion of "tank volume." El-Naggar stated the 
"efficiency" (obviously referring to the purity of the 
output) could be increased to 95% by increasing the area 
of the contactor. 

The Rejection 

The examiner rejected the claims as obvious under 
35 USC 103, noting that the basic device in question is 
old as taught by El-Naggar. [**4] While the ratio of 
tank volume to contactor area of 0.12 gal./sq. ft. is not 
disclosed in El-Naggar, the examiner reasoned that the 
disclosure of El-Naggar would make a device with that 
optimum value obvious. The examiner noted that El- 
Naggar suggests increasing the "efficiency" (degree of 
purification) of his device by increasing the contactor 
area while apparently keeping the "throughput" constant, 
that is, reducing the "hydraulic loading." The examiner 
then assumed that El-Naggar teaches keeping the tank 
volume constant while increasing the contactor area. 
Thus, the examiner argued that the idea of increasing 
tank volume to surface area to increase efficiency is 
taught and that working out the value for optimum 
efficiency is mere mechanical experimentation.The 
board accepted the examiner's reasoning. 

OPINION 

In determining whether the invention as a whole 
would have been obvious under 35 USC 103, we must 
first delineate the invention as a whole. In delineating 
the invention as a whole, we look not only to the subject 
matter which is literally recited in the claim in question 
(the ratio value) but also to those properties of the 
subject matter which are inherent in the subject [**5] 
matter and are disclosed in the specification. In re 
Davies, 475 F.2d 667, 177 USPQ 381 (CCPA 1973). In 
this case, the invention as a whole is the ratio value of 
0.12 and its inherent and disclosed property. That 
property is that the described devices designed with the 
ratio will maximize treatment capacity regardless of the 
values of the other variables in the devices. Just as we 
look to a chemical and its properties when we examine 
the obviousness of a composition of matter claim, it is 
this invention as a whole, and not some part of it, which 
must be obvious under 35 USC 103. Cf. In re Papesch, 
50 CCPA 1276, 315 F.2d 381, 137 USPQ 43 (1963). 
[*620] 

The controlling question is simply whether the 
differences (namely the value of 0.12 and its property) 
between the prior art and appellant's invention as a whole 
are such that appellant's invention as a whole would have 
been obvious. The answer is no. It is impossible to 
recognize, from the experiment taught by El-Naggar, that 
"treatment capacity" is a function of "tank volume" or 



the tank volume-to-contactor area ratio. Recognition of 
this functionality is essential to the obviousness of 
conducting experiments to determine [**6] the value of 
the "tank volume" ratio which will maximize treatment 
capacity. Such functionality can only be determined 
from data representing either efficiency at varying tank 
volume, fixed throughput, and fixed contactor area or 
throughput at varying tank volume, fixed efficiency, and 
fixed contactor area. Each of these experiments 
represents treatment capacity with fixed contactor area 
but varying tank volume. This sort of experiment would 
not be suggested by the teachings of El-Naggar since he 
was not trying to maximize or control "treatment 
capacity." The experiments suggested by El-Naggar do 
not reveal the property which applicant has discovered, 
and the PTO has provided us with no other basis for the 
obviousness of the necessary experiments. 

The PTO and the minority appear to argue that it 
would always be obvious for one of ordinary skill in the 
art to try varying every parameter of a system in order to 
optimize the effectiveness of the system even if there is 
no evidence in the record that the prior art recognized 
that particular parameter affected the result. n4/ As we 
have said many times, obvious to try is not the standard 
of 35 USC 103. In re Tomlinson, 53 CCPA 1421, [**7] 
363 F.2d 928, 150 USPQ 623 (1966). Disregard for the 
unobviousness of the results of "obvious to try" 
experiments disregards the "invention as a whole" 
concept of § 103, In re Dien, 54 CCPA 1027, 371 F.2d 
886, 152 USPQ 550 (1967) and In re Wiggins, 55 CCPA 
1356, 397 F.2d 356, 158 USPQ 199 (1968), and 
overemphasis on the routine nature of the data gathering 
required to arrive at appellant's discovery, after its 
existence became expected, overlooks the last sentence 
of § 103. In re Saether, 492 F.2d 849, 181 USPQ 36 
(CCPA 1974). 



n4/ The precise nature of the El-Naggar 
experiment and the nature of the data which 
would result are rendered hopelessly speculative 
by El-Naggar's total failure to discuss the critical 
matter of what is done with the volume of the 
tank. The PTO appears to assume, as a necessary 
element of its conclusion, that appellant's ratio is 
the inevitable result of El-Naggar experiment, 
and that the tank volume is fixed, apparently 
because El-Naggar does not suggest changing the 
tank as additional contactor area is supplied. 
Even if the same tank were used, the actual liquid 
volume of the tank could change significantly if 
1) the tank has a level control, 2) the tank is not 
extremely large in comparison to the contactors 
and 3) the volume-to-area ratio of the contactors 
themselves is significant. Since these 



559 F.2d 618, *; 1977 CCPA LEXIS 118, **; 
195 U.S.P.Q. (BNA) 6 
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assumptions are not unreasonable, there is serious 
doubt as to the constant volume of the tank. 

Whether one would inevitably arrive at the 
ratio value of 0.12 or above depends on facts 
which must be read into El-Naggar, (e.g., the 
volume of the tank) and on assumptions about the 
kind of motivation (e.g., the degree of 
"efficiency" which would be sought). All of this 
involves, at least on this record, mere speculation. 
Assuming, as the examiner has, that the tank 
volume is fixed and the natural motivation is to 
maximize efficiency, if El-Naggar's equipment 
has a tank volume to contactor area ratio of less 
than 0.12, and the resulting efficiency is found 
wanting, increasing the contactor area to increase 
"efficiency" will lead away from the claimed 
ratio. 

[**8] 

In In re Aller, 42 CCPA 824, 220 F.2d 454, 105 
USPQ 233 (1955), the court set out the rule that the 
discovery of an optimum value of a variable in a known 
process is normally obvious. We have found exceptions 
to this rule in cases where the results of optimizing a 
variable, which was known to be result effective, were 
unexpectedly good. In re Waymouth, 499 F.2d 1273, 
182 USPQ 290 (CCPA 1974); In re Saether, supra. This 
case, in which the parameter optimized was not 
recognized to be a result-effective variable, is another 
exception. The decision of the board is reversed. 

REVERSED 

MILLER, J., concurs in the result. 

DISSENT BY: 

MALETZ 



62) in his apparatus in order to optimize results. Given 
the basic apparatus of El-Naggar and the concept of 
varying the number of disks in a tank in order to 
optimize impurity removal, I believe that it would have 
been well within the capabilities of the chemical 
engineer of ordinary skill to deterime empirically, by 
routine experimentation, the optimum design ratio which 
appellant has determined and recited in his claims. That 
is, El-Naggar set the way, and appellant's work was what 
any routineer would have accomplished in following the 



Appellant urges that the results which he determined 
empirically by plotting the effect of volume-to-surface 
ratio on impurity removal, including the specific, 
optimum design ratio of. 12 gallons per square foot, could 
not have been predicted from El-Naggar. However, 
obviousness under 35 USC 103 does not require absolute 
predictability, In re Kronig, 539 F.2d 1300, 190 USPQ 
425 (CCPA 1976), and it is sufficient here that El- 
Naggar clearly led the way for the routineer to arrive at 
the claimed apparatus. 

I am in substantial [**10] agreement with the 
board's analysis of this case, and I would affirm the 
board's decision. 



DISSENT: [*621] 

MALETZ, Judge, 
Judge, joins. 



*/ dissenting, with whom RICH, 



al/ Judge of the United States Customs 
Court sitting by designation pursuant to 28 USC 
293(d). 

With all due respect, I cannot agree with the 
majority's interpretation of the El-Naggar patent. El- 
Naggar discloses the same wastewater treatment 
apparatus as claimed, except for the specific volume-to- 
surface ratio of. 12 gallons per square foot as recited in 
the claims. However, El-Naggar generally discloses 
varying the number of disks (column 3, lines 31-35), the 
number [**9] of concentric cylinders (column 4, lines 
27-30), or the length of the cylinders (column 4, lines 61- 



LEXSEE 392 F.3D 1317 



IRON GRIP BARBELL COMPANY, INC., Plaintiff-Appellant, and YORK 
BARBELL COMPANY, INC., Plaintiff, v. USA SPORTS, INC., Defendant- 
Appellee. 

04-1149 

UNITED STATES COURT OF APPEALS FOR THE FEDERAL CERCUIT 
392 F.3d 1317; 2004 U.S. App. LEXIS 25769; 73 U.S.P.Q.2D (BNA) 1225 



December 14, 2004, Decided 



SUBSEQUENT HISTORY: Rehearing denied by, 
Rehearing, en banc, denied by Iron Grip Barbell Co. 
v. USA Sports, Inc., 2005 U.S. App. LEXIS 3821 
(Fed. Cir., Feb. 10, 2005) 

PRIOR HISTORY: [**1] Appealed from: 

United States District Court for the Central District of 
California. Judge Gary L. Taylor. 

DISPOSITION: Affirmed. 



COUNSEL: Brian M. Daucher, Sheppard Mullin 
Richter & Hampton LLP, of Costa Mesa, California, 
argued for plaintiff-appellant. With him on the brief 
was Yael Karabelnik. 

Terril G. Lewis, Wong, Cabello, Lutsch, Rutherford 
& Brucculeri, L.L.P., of Houston, Texas, argued for 
defendant-appellee. Of counsel was Louis Brucculeri. 

JUDGES: Before NEWMAN, Circuit Judge, 
ARCHER, Senior Circuit Judge, and DYK, Circuit 
Judge. 

OPINION BY: DYK 

OPINION 

[*1318] DYK, Circuit Judge. 

Iron Grip Barbell Company ("Iron Grip") 
appeals from the judgment of the United States 
District Court for the Central District of California. 
The district court found claims 1 to 3 and 6 to 8 of 
Iron Grip's patent, U.S. Patent No. 6,436,015 ("the 
'015 patent"), to be invalid as obvious. We affirm. 

[*1319] BACKGROUND 

Iron Grip is a manufacturer of weight plates used 
with fitness equipment such as barbells and is the 



assignee of the '015 patent. Claim 1 of the '015 
patent claims: 

A weight plate for physical fitness 
including: a plate body formed with a 
central throughbore and . . . further 
formed with solely a triad [**2] of 
spaced apart elongated handle 
openings disposed generally 
equiangularly . . ., said openings 
having respective outboard edges 
cooperating with said plate to define a 
triad of integral handle elements for 
grasping by a single hand to effect 
transport of said weight plate. 



Id. col. 4, 11. 24-35 (emphasis added). The other 
claims in the '015 patent at issue here depend from 
claim 1 and are not different for present purposes. 

Typically, a barbell consists of a rigid bar and 
removable weight plates attached on both ends. 
Traditional weight plates had a single hole in the 
center for attachment to the barbell. A key problem 
with traditional single-hole weight plates was that 
they were difficult to grasp and transport. Iron Grip's 
'015 patent addresses this defect of traditional weight 
plates by disclosing a weight plate with three 
elongated openings near the periphery of the plate 
that function effectively as handles. 

During the prosecution of the '015 patent, Iron 
Grip disclosed prior art showing, inter alia, weight 
plates with one elongated grip, U.S. Patent No. 
4,199,140 ("the '140 patent"), and two elongated 
grips, U.S. Patent No. 5,137,502 ("the '502 patent"). 
[**3] The examiner further considered other prior art 
including barbell weight plates with four openings. 
U.S. Patent No. 4,618,142. After multiple rejections 



on grounds of obviousness, the '015 patent eventually 
issued on Aug. 20, 2002. 

USA Sports, Inc. ("USA Sports") is a competing 
manufacturer of weight plates. It also manufactures a 
three-grip plate. In May of 2002, Iron Grip sued USA 
Sports in the district court for irifringement of an 
unrelated patent, and subsequently amended its 
complaint to state an action for infringement of 
claims 1-3 and 6-8 of the '015 patent. USA Sports 
defended on the basis that the asserted claims in the 
'015 patent were invalid as obvious in light of the 
prior art. Both sides moved for summary judgment. 
The district court initially granted summary judgment 
in favor of Iron Grip, finding that USA Sport's weight 
plate infringed the '015 patent; and denied USA 
Sport's summary judgment motion as to the invalidity 
of the '015 patent, holding that a finding of invalidity 
for obviousness required a "suggestion, motivation, 
or teaching in the prior art to combine the elements 
[from separate references]." (J.A. at 1897.) Upon 
motion for reconsideration, however, [**4] the 
district court held that the contested claims in the 
'015 patent were obvious. The district court found 
that its prior understanding of the law was "unduly 
restrictive." (J.A. at 2921.) Instead, it held that "the 
cases . . . permit the court to look at the overall 
picture of what's really going on ... . The 
obviousness test . . . calls upon the court to just 
simply exercise common sense . . . ." (Id.) Applying 
this new test, the district court held that "it would 
have been obvious to a layman to combine the prior 
art," and invalidated claims 1-3 and 6-8 of the '015 
patent. (J.A. at 3.) Iron Grip appeals. We have 
jurisdiction pursuant to 28 U.S.C. § 1295(a)(1). 1 

1 On appeal, USA Sports has not contested 
the finding of infringement except on the 
ground of invalidity. 

[*1320] DISCUSSION 



We review the district court's grant of summary 
judgment without deference. Karsten Mfg. Corp. v. 
Cleveland Golf Co., 242 F.Sd 1376, 1379 (Fed. Cir. 
2001). We therefore affirm the [**5] district court 
only if there is no genuine issue of material fact as to 
the invalidity of the claims. In making this 
determination, a patent is presumed to be valid. 35 
U.S.C. § 282 (2000); Cardinal Chem. Co. v. Morton 
Int'l, 508 U.S. 83, 93 n.15, 124 L. Ed. 2d 1, 113 S. Ct. 
1967 (1993). USA Sports bears the burden of proving 
invalidity by clear and convincing evidence. 
American Hoist & Derrick Co. v. Sowa & Sons, Inc., 
725 F.2d 1350, 1360 (Fed. Or. 1984). 



In determining obviousness, we employ the four- 
part test set forth in Graham v. John Deere Co., 383 
U.S. 1, 15 L. Ed. 2d 545, 86 S. Ct. 684 (1966). This 
test requires us to examine (1) the scope and content 
of the prior art; (2) the level of ordinary skill in the 
art; (3) the differences between the claimed invention 
and the prior art; and (4) the objective evidence of 
nonobviousness. Id. at 17-18; see also 35 U.S.C. § 
103 (2000). 

We note that neither side disputes that weight 
plates showing one, two and four elongated openings 
were within the prior art. We also note that neither 
side disputes that the proper level of ordinary skill in 
the art is [**6] that of a layman. Therefore, the only 
points of contention in the obviousness inquiry are 
the differences between the claimed invention and the 
prior art, and the objective evidence of 
nonobviousness. 

II 

We turn first to a comparison between the prior 
art and the claimed invention. In this inquiry, we are 
mindful of the repeated warnings of the Supreme 
Court and this court as to the danger of hindsight 
bias. See, e.g., Graham, 383 U.S. at 36 (consideration 
of secondary factors "serves to guard against slipping 
into use of hindsight and to resist the temptation to 
read into the prior art the teachings of the invention 
in issue" (internal quotations and citations omitted)); 
In re Kotzab, 217 F.3d 1365, 1369 (Fed. Cir. 2000) 
("The very ease with which the invention can be 
understood may prompt one to fall victim to the 
insidious effect of a hindsight syndrome wherein that 
which only the invention taught is used against its 
teacher." (internal quotations omitted)). We note in 
this respect that the district court's use of an "overall 
picture" and "common sense" test of obviousness 
falls squarely into the hindsight trap. See In re Lee, 
277 F.3d 1338, 1345 (Fed. Cir. 2002). [**7] 

Where an invention is contended to be obvious 
based upon a combination of elements across 
different references, our cases require that there be a 
suggestion, motivation or teaching to those skilled in 
the art for such a combination. In re Fine, 837 F.2d 
1071, 1074 (Fed. Cir. 1988). This requirement 
prevents the use of "the inventor's disclosure as a 
blueprint for piecing together the prior art to defeat 
patentability-the essence of hindsight." Ecolochem, 
Inc. v. So. Col. Edison Co., 227 F.3d 1361, 1371-72 
(Fed. Cir. 2000) (quoting In re Dembiczak, 175 F.3d 
994, 999 (Fed. Cir. 1999)). 

In this case, however, obviousness does not arise 
from any combination of elements from the prior art. 
Rather, the issue of the '015 patent's obviousness 



arises because the prior art showed one, two and four 
elongated handles on weight plates. A single 
elongated handle on a weight plate was disclosed by 
the '140 patent. Two elongated handles on a weight 
plate was disclosed by the '502 patent. Four 
elongated handles on a [*1321] weight plate was 
disclosed by U.S. Design Patent No. 406,183 ("the 
'183 patent"). Reproductions of the two and four grip 
weight plates [**8] in the prior art, and Iron Grip's 
three-grip weight plate, appear below: 

Fig. 1. The '502 patents two-grip plate. 

GET DRAWING SHEET 1 OF 1. 

Fig. 2. The '183 patent's four-grip plate. 
GET DRAWING SHEET 2 OF 2. 

Fig. 3. The '015 patents three-grip plates. 

GET DRAWING SHEET 3 OF 3. 

The key feature of the '015 patent, the fact that 
there are three elongated handles, falls within a range 
disclosed by the prior art. Where the "prior art . . . 
discloses a range encompassing a somewhat narrower 
claimed range," the narrower range may be obvious. 
In re Peterson, 315 F.3d 1325, 1330 (Fed. Or. 
2003). "When the difference between the claimed 
invention and the prior art is the range or value of a 
particular variable," then a patent should not issue if 
"the difference in range or value is minor." Haynes 
Int'l v. Jessop Steel Co., 8 F.3d 1573, 1577 n.3 (Fed. 
Cir. 1993); see also Titanium Metals Corp. of Am. v. 
Banner, 778 F.2d 775, 783 (Fed. Cir. 1985) 
(invention found obvious because it was close to 
prior art range). Thus simply because [**9] an 
invention falls within a range disclosed by the prior 
art does not necessarily make it per se obvious. Both 
the genus and species may be patentable. 

[*1322] Nonetheless, where there is a range 
disclosed in the prior art, and the claimed invention 
falls within that range, there is a presumption of 
obviousness. But the presumption will be rebutted if 
it can be shown: (1) That the prior art taught away 
from the claimed invention, In re Geisler, 116 F. 3d 
1465, 1471 (Fed. Cir. 1997); or (2) that there are new 
and unexpected results relative to the prior art, In re 
Woodruff, 919F.2d 1575, 1578 (Fed. Cir. 1990). 

There is, to be sure, one distinguishing feature of 
these range cases. Each involved a range disclosed 
within a single patent, while here the range is 
disclosed in multiple prior art patents. But, under the 
circumstances of this case, that is a distinction 
without a difference. The prior art suggested that a 



larger number of elongated grips in exercise weights 
was beneficial, 2 thus plainly suggesting that one 
skilled in the art look to the range appearing in the 
prior art. The prior art disclosed weight plates with 
one, two and four elongated handles. [**10] Iron 
Grip is claiming a weight plate with three elongated 
handles, within the range of the prior art. 

2 For example, U.S. Patent 4,673,179 
describes a gymnastics weight with multiple 
handles as "very utilitarian" because it 
"enables a large number of grasping portions, 
and is very easily manipulated by the user." 
Id. col. 4, 11. 52-54. 

It is also manifest that neither of the recognized 
exceptions applies here. First, Iron Grip offers no 
evidence that the prior art taught away from the 
invention besides the broad conclusory statement that 
"the prior art . . . taught towards fewer grips." (Reply 
Br. of Appellant at 14.) The prior art does not support 
this conclusion. There is no evidence of "sufficient 
teaching away." In re Malagari, 499 F.2d 1297, 1303 
(C.C.P.A. 1974). 

Second, there has been no showing that the three 
grips led to unexpected results. 

Where "the difference between the claimed 
invention and the prior art is some range or other 
variable within the claims . . ., the [patentee] [**11] 
must show that the particular range is critical, 
generally by showing that the claimed range achieves 
unexpected results." Woodruff, 919 F.2d at 1578. In 
the case of In re Huang, 100 F.3d 135 (Fed. Cir. 
1996), we sustained a finding of obviousness in a 
situation somewhat similar to that involved here. In 
Huang, the claimed invention was a shock-absorbing 
grip with a polyurethane layer and a textile layer. The 
difference between the Huang grip and the prior art 
was that the Huang grip increased the thickness of the 
polyurethane layer relative to the textile layer, and 
had greater shock-absorbing qualities. There was 
nothing new or unexpected about this result because 
the prior art taught "that shock absorption derives in 
part from the compressible nature of the polyurethane 
layer. Given that the polyurethane layer absorbs 
shock, one of ordinary skill would logically infer that 
increasing the amount of the shock absorbing 
material (the polyurethane) would lead to an increase 
in the amount of shock absorption." Id. at 139. The 
invention was obvious because 

Huang's contribution to the art could 
only lie in the specific thickness 
[**12] ratios recited in the claims. 
This court and its predecessors have 



long held . . . that even though [a] 
modification results in great 
improvement and utility over the prior 
art, it may still not be patentable if the 
modification was within the 
capabilities of one skilled in the art, 
unless the claimed ranges "produce a 
new and unexpected result which is 
different in kind and not merely in 
degree from the results of the prior 
art." 



[*1323] Id. (quoting In re Alter, 42 C.C.P.A. 824, 
220 F.2d 454, 456, 1955 Dec. Comm'r Pat. 136 
(C.C.P.A. 1955)). 

There is no indication of any new and 
unexpected results from the use of a three-grip plate 
in the '015 patent or the prosecution history. The only 
benefit Iron Grip discloses in the patent regarding a 
three-grip plate is that "this construction allows a user 
to quickly find a handle element quickly [sic] and 
effortlessly." '015 patent, col. 4, 11. 3-4. There is no 
explanation why, as compared to the two or four grip 
plates in the prior art, a three-grip plate has 
advantages in this regard. A review of the 
prosecution history is likewise uninformative. In 
addition to the benefit of allowing a user to find a 
handle quickly and effortlessly, the [**13] examiner 
cites the ability of the user to grasp the handles of the 
plate with two hands at an appropriate angle as a 
reason for allowing the claim. (J. A. at 1237.) There is 
again no explanation of why such an effect could not 
likewise be achieved using a plate with two or four 
handles as existed in the prior art. We conclude that 
the patent and its prosecution history do not disclose 
any new and unexpected results from having three 
elongated grips on a weight plate. Nor has Iron Grip 
shown new and unexpected results based on evidence 
outside the patent and its prosecution history. 

Finally, Iron Grip argues that Huang is 
inapposite because it was an appeal from the Board 
of Patent Appeals and Interferences ("Board"), and 
submits that it stands for the proposition of deference 
to the examiner and the Board. There is no merit to 
Iron Grip's contention. It is we 11-settled that 
"obviousness is a legal question based on underlying 
factual determinations," and in appeals from the 
Board "we review the ultimate legal determination of 
obviousness without deference." In re Zurko, 258 
F.3d 1379, 1383-84 (Fed. Cir. 2001); see In re 
McCarthy, 763 F.2d 411, 412 (Fed. Cir. 1985). 
[**14] Here there is no factual issue. On the legal 
issue of obviousness (as opposed to the underlying 
factual issues) the grant of a patent does not create a 



presumption of validity beyond the requirement that 
the party seeking to invalidate a patent must prove 
invalidity by clear and convincing evidence. SSIH 
Equip. S.A. v. USITQ 718 F.2d 365, 375 (Fed. Cir. 
1983). 

Because the claimed invention falls within a 
range disclosed in the prior art, and the patentee has 
not shown that the prior art taught away from the 
invention or new and unexpected results from a three 
elongated grip weight plate as compared to those in 
the prior art, we conclude that the claims are obvious 
absent substantial evidence of pertinent secondary 
factors supporting patentability. 3 

3 There is no claim here that expert 
testimony is required, the technology being 
simple. See Centricut LLC v. Esab Group, 
Inc., 390 F.3d 1361, 2004 U.S. App. LEXIS 
24977, Nos. 03-1574 & 03-1614, slip op. at 
13-14 (Fed. Cir. Dec. 6, 2004). Indeed, both 
parties agree that the level of skill in the art is 
that of a layperson. (Br. of Appellant at 43; 
Br. of Appellee at 50.) 

[**15] in 

We now consider whether the patentee has 
demonstrated secondary evidence of nonobviousness. 
We have previously held that in "determining the 
question of obviousness, inquiry should always be 
made into whatever objective evidence of 
nonobviousness there may be." Vandenberg v. Dairy 
Equip. Co., 740 F.2d 1560, 1567 (Fed. Cir. 1984); 
see also Aha Corp. v. Mylan Labs, 391 F.3d 1365, 
2004 U.S. App. LEXIS 25446, No. 04-1344, slip op. 
at 12 n.9 (Fed. Cir. Dec. 10, 2004). The district 
court's opinion here did not consider the patentee's 
claimed evidence. "Our precedents . . . establish that 
failure to cite secondary [*1324] considerations, 
alone, is not reversible error." Ruiz v. A.B. Chance 
Co., 234 F.3d 654, 668 (Fed. Cir. 2000). "Where the 
evidence of record is unchallenged as to secondary 
considerations ignored by the decision maker, this 
court may, as a matter of law, consider this objective 
evidence in reviewing the ultimate conclusion of 
obviousness/nonobviousness entered by the trial 
court" without the need for a remand. Ashland Oil, 
Inc. v. Delta Resins & Refractories, Inc., 776 F.2d 
281, 307 (Fed. Cir. 1985). Because in considering 
this record evidence, we conclude [**16] that it does 
not show the existence of relevant secondary factors 
to support patentability, we affirm the district court. 

This court has previously identified, inter alia, 
commercial success, satisfaction of a long-felt need, 
and copying to be relevant factors in this inquiry. See 
Demaco Corp. v. F. Von Langsdorff Licensing Ltd., 



851 F.2d 1387, 1392 (Fed. Cir. 1988) (commercial 
success); Uniroyal, Inc. v. Rudkin-Wiley Corp., 837 
F.2d 1044, 1054 (Fed. Cir. 1988) (long-felt need); 
Pro-Mold & Tool Co. v. Great Lakes Plastics, Inc., 
75 F.3d 1568, 1574 (Fed. Cir. 1996) (copying). 

Iron Grip has not made a showing of commercial 
success. Our cases make clear that a "nexus must be 
established between t he merits of the claimed 
invention and evidence of commercial success before 
that evidence may become relevant to the issue of 
obviousness." Solder Removal Co. v. USITC, 65 
CC.P.A. 120, 582 F.2d 628, 637 (C.C.P.A. 1978). 
Ordinarily, this nexus may be inferred when "the 
patentee shows both that there is commercial success, 
and that the thing (product or method) that is 
commercially successful is the invention disclosed 
[**17] and claimed in the patent." Demaco, 851 F.2d 
at 1392. 

The only evidence of marketplace success that 
Iron Grip proffers is that six retail competitors 
offered three-grip plates, and three of those 
competitors have entered into license agreements 
with respect to the '015 patent. (Br. of A ppellant at 
51.) Iron Grip does not explain the terms of the 
licenses nor the circumstances under which they were 
granted, except to concede that two were taken in 
settlement of litigation. (J.A. at 2121-22.) Our cases 
specifically require affirmative evidence of nexus 
where the evidence of commercial success presented 
is a license, because it is often "cheaper to take 
licenses than to defend infringement suits." EWP 
Corp. v. Reliance Universal Inc., 755 F.2d 898, 908 
(Fed. Cir. 1985). Thus we held in In re GPAC Inc., 
57 F.3d 1573 (Fed. Cir. 1995), that licenses "may 
constitute evidence of nonobviousness; however, 
only little weight can be attributed to such evidence if 
the patentee does not demonstrate a nexus between 
the merits of the invention and the licenses of 
record." Id. at 1580 (internal quotations and citations 
omitted). [**18] Without a showing of nexus, "the 
mere existence of . . . licenses is insufficient to 
overcome the conclusion of obviousness" when there 
is a strong prima facie case of obviousness. SIBIA 
Neurosciences, Inc. v. Cadus Pharm. Corp., 225 F.3d 
1349, 1358 (Fed. Cir. 2000). There is no such 
evidence of a nexus here; hence the existence of 
licenses is of little significance. 4 

4 Whatever little significance the licenses 
may have is clearly outweighed by the strong 
evidence of obviousness found in the prior 
art. Ruiz, 234 F.3d at 668; Brown & 
Williamson Tobacco Corp. v. Philip Morris 
Inc., 229 F.3d 1120, 1131 (Fed. Cir. 2000). 



Iron Grip places significant emphasis on the fact 
that, before it filed for the '015 patent, there was no 
three-grip plate being offered in the retail market. It 
argues that the absence of such a three-grip [*1325] 
plate in light of the prior art speaks to the 
nonobviousness of its invention. However, Iron Grip 
has presented no evidence of a long-felt [**19] need 
for three-grip weight plates or the failure of others. 
Absent a showing of long-felt need or the failure of 
others, the mere passage of time without the claimed 
invention is not evidence of nonobviousness. See In 
re Wright, 569 F.2d 1124, 1 127 (C.C.P.A. 1977). 

Iron Grip also argues that USA Sports has copied 
its invention and this is objective evidence of 
nonobviousness. Our cases do establish that copying 
by a competitor may be a relevant consideration in 
the secondary factor analysis. Vandenberg, 740 F.2d 
at 1567. Not every competing product that arguably 
falls within the scope of a patent is evidence of 
copying. Otherwise every infringement suit would 
automatically confirm the nonobviousness of the 
patent. Rather, copying requires the replication of a 
specific product. This may be demonstrated either 
through internal documents, see Akamai Techs., Inc. 
v. Cable & Wireless Internet Servs., Inc., 344 F.3d 
1186, 1196-97 (Fed. Cir. 2003); direct evidence such 
as disassembling a patented prototype, photographing 
its features, and using the photograph as a blueprint 
to build a virtually identical replica, see Advanced 
Display Sys., Inc. v. Kent State Univ., 212 F.3d 1272, 
1285 (Fed. Cir. 2000); [**20] or access to, and 
substantial similarity to, the patented product (as 
opposed to the patent), Cable Elec. Prods., Inc. v. 
Genmark, Inc., 770 F.2d 1015, 1027 (Fed. Cir. 
1985), overruled on other grounds by, Midwest 
Indus., Inc. v. Karavan Trailers, Inc., 175 F. 3d 1356, 
1359 (Fed. Cir. 1999) (en banc). The evidence of 
copying offered by Iron Grip is that USA Sports 
abandoned a one-grip plate and produced a three-grip 
plate after the '015 patent issued, despite receiving 
assurance from Iron Grip that a one-grip plate would 
not infringe Iron Grip's patent. (Br. of Appellant at 
52-53.) This does not establish that USA Sports 
engaged in copying. 

Since Iron Grip has not presented evidence of 
commercial success, satisfaction of a long-felt need, 
or copying, we conclude that there is no objective 
evidence to rebut the strong showing of obviousness 
based on the prior art. 5 

5 On appeal, Iron Grip does not argue that 
dependant claims 2-3 and 6-8 were 
improperly held to be obvious if the 
obviousness determination as to claim 1 is 
sustained. We interpret the district court's 



judgment as reaching only the asserted claims 
(i.e. claims 1-3 and 6-8). Given our 
disposition it is unnecessary for us to consider 
the other alleged prior art submitted by USA 
Sports. 

[**21] CONCLUSION 

For these reasons, the district court's grant of 
summary judgment as to the invalidity of claims 3 1- 
and 8 6-of the '015 patent is 

AFFIRMED. 

COSTS 



No costs. 
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4. From June 1981 to the present, I have been employed in Dalton, Georgia as Director of 
Manufacturing Technical Resources for Shaw Industries, Inc., the largest carpet 
manufacturing company in the world. 

5. As described in The Merck Index: An Encyclopedia of Chemicals, Drugs, and 
Biologicals, Thirteenth Edition 1615-16 (Maryadele J. O'Neil et al. eds., 2001) and 
Hawley's Condensed Chemical Dictionary 1067-68 (14 th ed. 2001) (copies are attached 
hereto), tannic acids are well known in the art and comprise compounds derived from 
nutgalls having a structure of polygalloylglucose or polyalloylquinic acid. The sugar residue 
can be substituted with one or more residues of gallic acid, digallic acid, and/or trigallic acid. 
Tannic acid can have, for example, the following structure: 



Note specifically the multiple ester functionalities that bind the gallic acid residues 
(carboxylic acid) to the sugar residue (alcohol) to form a tannic acid. 

6. As described in The Merck Index: An Encyclopedia of Chemicals, Drugs, and 
Biologicals, Thirteenth Edition 772 (Maryadele J. O'Neil et al eds., 2001) and 
Hawley's Condensed Chemical Dictionary 524 (14 th ed. 2001) (copies are attached 
hereto), free gallic acid (3,4,5-trihydroxybenzoic acid) is one component of tannic acid that 
can be present in commercially-available tannic acids and has the following structure: 
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Note specifically that gallic acid is a carboxylic acid. 

7. As described in J. March, Advanced Organic Chemistry: Reactions, Mechanisms, and 
Structure, Third Edition 334-35 (1985) (a copy is attached hereto), ester hydrolysis is 
usually catalyzed by acids or bases and transforms a carboxylic acid into its constituent 
carboxylic acid (or salt thereof) and alcohol: 



Thus, exposure of an ester to hydrolysis conditions results in a decrease in the starting 
materials (i.e., ester and water) and an increase in the products (i.e., alcohol and carboxylic 
acid or carboxylate salt). 

8. As would have been readily understood by one of skill in the art, tannic acid comprises at 
least one carboxylic ester formed from 3,4,5-trihydroxybenzoic acid and a sugar (e.g., 
glucose). Applying the reaction scheme referenced above to tannic acid, one of skill in the 
art would understand that tannic acid would have been hydrolyzed to produce 3,4,5- 
trihydroxybenzoic acid and a sugar derivative: 
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9. As a result, the free gallic acid (3,4,5-trihydroxybenzoic acid) content in tannic acid would 
have increased under hydrolysis conditions. The knowledge that hydrolysis would in fact 
increase the amount of free gallic acid within tannic acid actually teaches away from 
selecting tannic acids having less than about 1% gallic acid. 

10. 1 have reviewed the Office Action mailed October 4, 2006, and the references cited therein. 
In particular, I have read and understood U.S. Patent No. 5,738,688 to De Lathauwer 
(hereinafter "De Lathauwer"), U.S. Patent No. 4,482,646 to Gamblin (hereinafter 
"Gamblin"), U.S. Patent No. 4,094,701 to Fekete (hereinafter "Fekete"), U.S. Patent No. 
5,520,962 to Jones, Jr. (hereinafter "Jones"), and U.S. Patent No. 5,403,362 to Gurley 
(hereinafter "Gurley"). 

11. Based on my review of these references, it is my opinion that the claimed invention would 
have been unexpected and, therefore, would not have been obvious to one of ordinary skill in 
the art of carpet manufacture and carpet treatment at least because none of the cited 
references discloses a method of treatment that achieves the superior results of the claimed 
methods. 

12. Based on my review of De Lathauwer, it is my opinion that the claimed invention would not 
have been obvious to one of ordinary skill in the art of carpet manufacture. While De 
Lathauwer states that any commercial tannic acid can be used, De Lathauwer does not 
suggest the selection of a tannic acid having a gallic acid content of less than about 1.0 part 



4 



by weight to practice its methods 
content of the tannic acid. 

13. Further, based on my review of De Lathauwer, I conclude that one of ordinary skill in the art 
of carpet manufacture would not have been motivated by De Lathauwer to modify the gallic 
acid content to within the claimed amount. Because De Lathauwer provides no teaching as 
to the gallic acid content of the tannic acid, one having ordinary skill in the art of carpet 
manufacture would not have understood that stain resistance could have been improved by 
selecting a tannic acid having a certain gallic acid content, much less a gallic acid content of 
less than about 1 .0 part by weight. 

14. Based on the foregoing, I conclude that those of skill in the art would not have understood 
from De Lathauwer, or any other cited reference, that there was a relationship whatsoever 
between gallic acid content in tannic acid and improved stain resistance. 

15. In contrast to the methods of De Lathauwer, the claimed invention relates to improved stain 
resistance observed when a treatment comprising tannic acid having less than 1 part by 
weight gallic acid is selected. Specifically, the compositions and methods of the present 
invention provide improved resistance to "browning," which can be caused by contact of 
fiber, yarn, or carpet with relatively high pH cleaning compositions, which are often used 
during routine maintenance of fiber, yarn, or carpet. 

16. In order to demonstrate the superiority of the compositions and methods in the present 
application, the tests disclosed in the application were performed under my supervision. The 
tendency of fiber, yarn, or carpet to "brown" when contacted with high pH cleaning 
compositions was evaluated by measuring the color difference in a fiber, yarn, or carpet 
before and after application of a 10% by weight sodium hydroxide solution. The color 
difference was evaluated by using a Macbeth contact spectrophotometer model 20/20 
("Macbeth") and by using a visual gray scale rating system as described in ISO 105-A02 
("ISO 105-A02"). 
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. In fact, De Lathauwer is silent as to the free gallic acid 
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17. As described at page 31 of the specification, four tannic acids having differing gallic acid 
contents were evaluated. The "Caustic 10" test, using both the "Macbeth" and the "ISO 105- 
A02" measurement methods, was used to evaluate samples of treated fiber, yarn, or carpet, as 
set forth in Table 4 (page 38), Table 6 (page 41), Table 8 (page 44), and Table 10 (page 47) 
of the specification, as filed. Exemplary results are summarized below: 



Tannic Acid 


% Gallic 


Caustic 10 
(Macbeth) 


Caustic 10 
(ISO 105-A02) 


ASP 


0.96 


195.7 


17.5 


3SP 


2.87 


200.7 


16.5 


CLM 


5.26 


204.4 


16.5 


BAYGARD® 
CL Liquid 


12.05 


202.6 


16.5 



18. As described at page 31 of the specification, tannic acids having differing gallic acid contents 
were evaluated in a "Caustic 10" test, using the "Macbeth" measurement method. A material 
treated with a tannic acid having 0.96% gallic acid provided a score of 195.7, while materials 
treated with a tannic acid having gallic acid contents of 2.87%, 5.26%, and 12.05% provided 
scores of 200.7, 204.4, and 202.6, respectively. 
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Caustic 10 Total (Macbeth) 



% Gallic Acid 



19. A lower "Macbeth" measurement for the Caustic 10 test denotes that the samples have a 
smaller change in coloration (i.e., less "browning") due to exposure to a 10% by weight 
sodium hydroxide solution; this indicates superior stain resistance. Based upon these 
measurements as well as my visual comparison of a material treated with tannic acid having 
less than about 1% gallic acid with a material treated with tannic acid having greater than 
about 1% gallic acid, I conclude that there is a distinct improvement in stain resistance to 
"browning" for a material treated with tannic acid having less than about 1 part by weight 
gallic acid. 

20. Likewise, as also described in the specification, tannic acids having differing gallic acid 
contents were evaluated in a "Caustic 10" test, using the "ISO 105-A02" measurement 
method. A higher "ISO 105-A02" measurement for the Caustic 10 test denotes that the 
samples appear less "browned" after exposure to a 10% by weight sodium hydroxide 
solution; this indicates superior stain resistance. A material treated with a tannic acid having 
0.96% gallic acid provided a score of 17.5, while materials treated with a tannic acid having 
gallic acid contents of 2.87%, 5.26%, and 12.05% provided scores of 16.5, 16.5, and 16.5, 
respectively. 
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21. The visual rating ("ISO 105-A02") for samples contacted with a 10% by weight sodium 
hydroxide solution is unexpectedly higher for samples treated with tannic acid having less 
than about 1% gallic acid, as shown in the graph below: 





17.6 




17.4 




17.2 




17 




16.8 


1 


16.6 




16.4 



Caustic 10 Total {ISO 105-A02) 



22. Based on the resulting data, I conclude that the disclosed compositions and methods provide 
unexpectedly superior results when tannic acid having less than 1 part by weight gallic acid 
is selected as compared to compositions and methods of the prior art. 

23. Based on all of the foregoing and on my knowledge of what those of skill in carpet 
manufacturing would have known, I conclude that those of skill in the art of carpet 
manufacture at the time the invention was made would not have reasonably expected that 
stain resistance to "browning" could have been improved by selecting and using a tannic acid 
having a gallic acid content of less than about 1.0 part by weight. 

24. Thus, the substantially superior resistance to browning observed when using the claimed 
compositions to treat, e.g., fiber, yarn or carpet indicates that the claimed compositions are 
not obvious over De Lathauwer, Gamblin, Fekete, Jones, Gurley, or any combination thereof. 



25. Additionally, unexpectedly superior stain resistance (for both total stain and for caustic) is 
achieved when applying a two-part aqueous treatment comprising a first aqueous treating 
composition comprising tannic acid and a separate second topical treating composition 
comprising a fluorochemical. 
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26. The results from the Examples reveal that use of the claimed compositions provide a lower 
Caustic 10% (shown in Table as "Caustic") measurement (a lower number translates to 
decreased "browning") as well as a lower Total Stain (shown in Table as "Total") 
measurement (a lower number translates to improved resistance to staining in general). A 
summary of data from Tables 3-10 (see pages 37-47 of the specification as filed) is tabulated 
in the Table below: 



Table 





Sample Conditions 


ASP (0.96%)' 
Table 4, p.38 


3SP (2.87%) 2 
Table 6, p.41 


CLM (5.26%) 3 
Table 8, p.44 


BayGard CL 

(12.05%)* 
Table 10, p.47 






Caustic 


Total 


Caustic 


Total 


Caustic 


Total 


Caustic 


Total 


A 


Beck Exhaust (De Lathauwer) 


16.2 


104.9 


14.2 


76 


18.3 


104.8 


21.1 


80.5 


B 


Beck Exhaust (De Lathauwer) 
plus fluorochemical in bath 


26.6 


133.1 


27.7 


121.8 


24.8 


83.2 


23 


84.4 


C 


Beck Exhaust (conventional SR) 


16.5 


51.2 


17 


57.1 


17.1 


50.15 


15.1 


47.4 


D 


Beck Exhaust (conventional SR) 
plus fluorochemical in bath 


15.7 


56.3 


14.8. 


47.4 


16 


56.3 


13.4 


47.4 


E 


Continuous (De Lathauwer) 


16.4 


108.4 


15.5 


107 


20.9 


94.5 


22.4 


104.8 


F 


Continuous (De Lathauwer) 
plus Alum 


16.7 


80.9 


19.9 


96.1 


13.3 


66.7 


10.1 


67.4 


G 


Continuous (De Lathauwer) 
plus fluorochemical in bath 


16.2 


90.1 


16.4 


87.5 


16 


71.3 


21.9 


84.9 


1 1 


Continuous (De Lathauwer) 
plus fluorochemical in bath 
plus Alum 


15.3 


78.5 


14.4 


82.4 


11.7 


67.8 


11.5 


67.1 




Continuous (conventional SR) 


18.9 


93.2 


13.1 


82.4 


15.5 


89.9 


17.5 


99.1 


J 


Continuous (conventional SR) 
plus fluorochemical in bath 


21.7 


52.6 


21.7 


55.6 


25.6 


74.15 


25.5 


71.3 


K 


Invention (Beck Exhaust) 


9.4 


31.3 


13.3 


45.5 


13.3 


46.2 


16 


47.8 


L 


Invention (Continuous) 


6.1 


35.9 


12.7 


56.05 


11.9 


58.1 


5.1 


50.4 



!• Conditions for Samples A-L for ASP treated samples/controls are taken from Table 3, page 37. 
z Conditions for Samples A-L for 3SP treated samples/controls are taken from Table 5, page 40. 

3 - Conditions for Samples A-L for CLM treated samples/controls are taken from Table 7, page 43. 

4 - Conditions for Samples A-L for BayGard CL treated samples/controls are taken from Table 9, page 46. 
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27. For example, comparison of a Beck Exhaust process with treatment conditions analogous to 
those used in De Lathauwer (Table, entry A and Graph I, columns A) with a Beck Exhaust 
process with treatment conditions as claimed in the present invention (Table, entry K and 
Graph I, columns K) demonstrates that the claimed compositions, when compared to 
conventional compositions (e.g., De Lathauwer) provides a substantially superior caustic 10 
measurement (here, as much as about, e.g., 42% lower). 



Graph I 



Comparison of "De Lathauwer" Beck Exhaust 
Process to Invention Beck Exhaust Process 




Treatment Conditions 

| B ASP ■ 3SP ED CLM W BayGard | 



28. Likewise, comparison of a Beck Exhaust process with treatment conditions analogous to 
those used in De Lathauwer (Table, entry A and Graph II, columns A) with a Beck Exhaust 
process with treatment conditions as claimed in the present invention (Table, entry K and 
Graph II, columns K) demonstrates that the claimed compositions, when compared to 
conventional compositions (e.g., De Lathauwer) provides a substantially superior total stain 
measurement (here, as much as about, e.g., 70% lower). 
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Graph II 



Comparison of "De Lathauwer" Beck Exhaust 
Process to Invention Beck Exhaust Process 




A K 
Treatment Conditions 



[BASP »3SP BCLM mBayGard [ 

29. Such improvement is also evident for the claimed methods in a continuous process. 

Comparison of a continuous process with treatment conditions analogous to those used in De 
Lathauwer (Table, entry E and Graph III, columns E) with a continuous process with 
treatment conditions as claimed in the present invention (Table, entry L and Graph III, 
columns L) demonstrates that the claimed method, when compared to conventional methods 
(e.g., methods analogous to De Lathauwer) provides a substantially superior caustic 10 
measurement (here, as much as about, e.g., 63% lower). 
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30. Again, this improvement is also evident for the claimed compositions for total stain 

measurement in a continuous process. Comparison of a continuous process with treatment 
conditions analogous to those used in De Lathauwer (Table, entry E and Graph IV, columns 
E) with a continuous process with treatment conditions as claimed in the present invention 
(Table, entry L and Graph IV, columns L) demonstrates that the claimed compositions, when 
compared to conventional compositions (e.g., De Lathauwer) provides a substantially 
superior total stain measurement (here, as much as about, e.g., 67% lower). 



Graph IV 



Comparison Of "De Lathauwer" Continuous 
Process to Invention Continuous Process 




E 

Treatment Conditions 



j B ASP ■ 3SP i CLM m BayGard | 





E 

Treatment Conditions 
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3 1 . No such improved stain resistance is disclosed or suggested anywhere in the cited references. 

32. 1 declare that all statements made herein of my own knowledge and belief are true and that 
all statements made on information and belief are believed to be true, and further, that the 
statements are made with the knowledge that willful false statements are punishable by fine 
or imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the application or any patent 
issuing thereon. 




Dennis £*.#Mr & 



Dated: 7 
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The invention consists of a process to improve the resistance 
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basis of dyeable natural or synthetic fibres, in particular 
poly amide. According to the invention the fibres are treated 
with a solution containing tannic add and a condensation 
product of a sulphonated phenol- or naphtol-derivate with an 
aldehyde. The treatment can be made before, during or after 
the dyeing process. The treatment is done in an acid 
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1 2 

PROCESS TO IMPROVE RESISTANCE TO the art, but that treatment with the solution mentioned above 

STAINS ON FIBRES AND DERIVED would be more efficient than a normal tannic acid treatment. 

PRODUCTS could not be predicted. 

Furthermore, the resistance to coloured stains obtained 

This application is a 37 1 of PCT/BE95/00006 filed Jan. 5 by a treatment with a condensation product of a sulphonated 

25. 1995. phenol- or naphtol-formaldehyde is not only met by the 

This invention relates to a process to improve the resis- treatment with the solution according to the invention, but is 

tance to stains on dyeable natural and synthetic fibres and in considerably improved. 

particular polyamide fibres. The effectiveness of the solution containing bom corn- 
By "fibres has to be understood fibres or yarns whether B (tanaic add condensation product) is not only 
& n gC W £ I T?' UDfi f 1 - hed0r ^ tUShed - bnght " bettermanthisofmeseparatewnirKjnents.butalsoprovides 
well as dull, thermofixed or not in yam form or processed pottcdo* against a wide rangV of coloured stains for 
to fatac. felt, knitwe^, non-wovens. carpets, rugs etc. To « components were not effective, 
simplify matters, in this description fibres in which form *~ . i " UIVluu '" ^ ^ 
whatsoever will be called "subsVate". ™ e interaction of these two components increases the 
Removal of stains, coloured or not, from a substrate, is « efficiency of the individual components and provides unex- 
still a very delicate problem, as there could remain traces or I**** addmonal properties, such as protection against 
spots either by discoloration or coloration of the original coloured stains of cationic. metalcomplex and disperse 
substrate caused by the stain or by the detergents which nature, and especially against stains caused by oxidative 
affect the dyestuff of the substrate. This is especially the case bleaching agents. 

for stains caused by products containing chlorine, oxidative 20 According to the invention, the substrate, in acid 

bleaching agents, and stains containing persistent dyestuffs medium, is treated with a solution containing 1 to 6% 

or pigments for instance present in coffee, tea, wine, fruit (weight %) active component, consisting of 10 to 90%. 

juices, inks . . . preferably 40 to 80% tannic acid (tannic acid component) 

The purpose of this invention is to propose a process by and 10 to 90%. preferably 20 to 60% condensation product 

which the resistance of a coloured or uncoloured substrate 25 of a sulphonated phenol- or naphtol-derivate with an alde- 

against stains of any nature is considerably improved whilst hyde (sulphon component). 

at the same time also other improved characteristics are These concentrations and proportions are not critical, 

obtained such as an improved antistatic behaviour, resis- though it has been noticed that higher concentrations hardly 

tance to products such as turpentine and white spirit as well influence the result but could cause a yellowing of the 

as resistance to soiling, mildew and house-mite. 30 substrate. 

It is known (C.A. Vol. 97 (1982) 7.704 U) that tannin is The components will be preferably dissolved in water, 

used to fix dyestuff after the dyeing process. On the other though another medium such as alcohol, acetone, etc... is 

hand it is also known from the swimwear industry, to treat also possible. 

coloured nylon fabric with extraction's of gallotannin to According to a preferred embodiment of the invention, 

improve the colour fastness to chlorine. This was based on 35 the substrate is treated during the dyeing process. The 

the fact that the additional treatment of coloured nylon fabric treatment can be inserted in a continuous as well as well as 

with gallotannin extraction's caused a migration of the dyes in a discontinuous dyeing process. When applied in a 

in the fibre whereby the gallotannin is fixed on the fibre. This continuous dyeing process, the treatment can be done before 

provides a certain resistance to discoloration of the substrate as well as during or after the effective dyeing step. In a 

by products containing chlorine. However this treatment has 40 discontinuous dyeing process, posttreatment is preferred, 

no known effect on coloured stains, and on stains caused by Tannic acid is a compound derived for several centuries 

other oxidative bleaching agents. from nutgalls and has a structure of polygalloylglucose or 

On the other hand, it is known from the U.S. Pat No. polygalloylquinic acid. 

4,501,591. to treat polyamide fibres after application of the The term "tannic acid" as used in this description and 

dyestuff. with condensation products of sulphonated phenol- 45 claims should be understood in a broad sense, and covers 

or naphtol-formaldehydes in presence of an alkalinemetal products containing tannic acid, such as for instance gallo- 

silicate. It has been shown that for polyamide fibres, this tannin. 

treatment provides resistance to colour stains and particu- In fact tannic acid is a mixture of compounds consisting 

larly effective for anionic dyes. This treatment has no effect of a glucose-chain which is several times substituted with 

whatsoever on chlorine stains and on stains of other oxida- 50 gallic acid or trihydroxy-3.4 ,5-benzoic-acid-l. Substitution 

tive bleaching agents. can also be made with digallic acid or with trigallic acid. 

In the cosmetic industry, there is an increasing use of Tannic acid e.g. contains nonagalloylglucose. a glucose- 
strong oxidative bleaching agents, such as benzoylperoxyde. chain substituted 5 times with gallic acid. 4 times of which 
Resistance to stains caused by this type of products is is digallic acid and the formula of which is the following: 
unknown in the textile industry. 55 

During extensive research in this field, it has now sur- r— ch— o-digaiUcacid 

prisingly been demonstrated mat the resistance of coloured I cjj— o-digalUc acid 

or uncoloured substrate to stains or to deterioration of the I j g ' C X 

fibres caused by oxidative bleaching agents, is considerably o ch— o-gaMk acid 

improved when the substrate is treated with a solution 60 i 

containing tannic acid and a condensation product of a c: 

sulphonated phenol- or naphtol-derivate with an aldehyde. {_ d 

It has also been found that this treatment is also very ! 

effective against stains caused by dyes of natural or synthetic CH2 — O-dte 111 * 

origin of anionic, cationic. metalcomplex or disperse nature. 65 

That the tannic acid would improve the discoloration According to the invention, any commercial tannic acid 

caused by chlorine, could be expected by the man skilled in can be used, though it is economical to use a tannic acid with 
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a relatively high molecular weight. The molecular weight of In case basic dyes are used, it is recommended to apply 

the tannic acid will preferably be between 700 and 3500, the treatment according to the invention, as an additional 

though this range is not critical. treatment. 

It has also been found that optimum results can be Also in a differential dyeing or cross dyeing process, 

achieved when the tannic acid component consists of a 5 when acid and basic dyes are used, it will be recommended 

mixture of a tannic acid with a relatively low MW and a to apply the treatment with the tannic acid- and sulphon- 

tannic acid with a relatively high MW. So it has been shown components as an additional operation after dyeing, 
that a mixture, consisting of a tannic acid with an average For mc man s jou e< i i n the art it is obvious to select 

MW lower man 1000 and a tannic acid with an average MW d y estuffs wmch fit in the described process and do not cause 

higher than 1500. can give better results than tannic acid of w my side . reactions ^th the applied reagentia and products, 
exclusively 1500 MW. A good preselection of dyestuffs will be made through 

The tannic add component « preferably used in an * ^ F(x ^ to ^ foUowe4 k „ 

aqueous solution. For the man skilled in the art. it will be , . _ , ^„ ... - . fi . „ „ 

clear that the water has preferably to be de-ironed and te ""f 1 to ^fS^t II %TL m ? 
softened. Below, some dyestuffs that fit m very well in the frame 

The solution to be appliedwill contain 10 to 60 g tannic " * invention, are ^mendoned^asnon restrirfve examples, 

acid per liter of water, preferably 15 to 25 g/1. To avoid The dyestuffs are indicated with their corresponding colour 

oxidation of the solution, a small quantity of an atiphatic index number as it is common practice, 

mono carboxylic acid with a boiling-point lower than 100° • Acid Yellow 121. 219 and 230 

C e.g. acetic acid, can be added. • Acid Orange 116 and 156 

To avoid oxidation of the substrate, it is also recom- 20 • Acid Red 42. 243. 299 and 395 

mended to add a non volatile, non hygroscopic and prefer- • Acid Blue 40. 113. 129 and 344 

ably non corroding acid, as e.g. an aliphatic carboxylic acid • Acid Black 172 

such as citric acid or polyacrylic acids. It could also be • Mordant Orange 6 

economical to add a wetting agent, such as e.g. isopropanol. • Disperse Yellow 2 

The sulphonic component is a condensation product of a 25 • Disperse Red 55.1 and 340 

sulphonated phenol- or naphtol-derivate with an aldehyde. • Disperse Blue 7 

Such compounds contain at least a sulphonic group in acid • Basic Red 23 and 73 

and/or salt form, which is combined with at least a carbon • Basic Yellow 45 and 63 

atom of a phenol or naphtol group. The product can be • Basic Blue 45 and 129. 

synthezised by reaction of one of these compounds with an 30 Other dyestuffs have also been tested with satisfactory 

aldehyde e.g. formaldehyde. Some of these products and results. 

their preparation are described in the above mentioned U.S. According to another embodiment of the invention, the 

Pat. No. 4.501.591. The sulphonic-component. in a concen- solution of tannic acid-component and sulphon-component. 

tration of 5 to 50 g/L can be added to the solution containing can also be added directly to the dyebath. so that the 

the tannic acid component. 35 substrate can simultaneously both be dyed and treated with 

It can be advantageous to increase the molecular chain of the solution according to the invention, 
the components for instance through cross-linking by adding In case of a continuous process, the substrate, after 
to the solution or to the rinsing water a complexing agent dyeing, is preferably steamed during a half to a few minutes 
such as aluminium potassium sulphate or potassium and- with airfree saturated steam. After steaming, the coloured 
monyl tartrate, or a compound reducing the solubility of the 40 substrate is rinsed, preferably with cold water, at which a 
sulphon component such as silicium dioxide gel, a magne- stabilizer can be added, preferably a non volatile, non 
sium or zirconium salt whereby the complexing agent hygroscopic, and non corroding acid. e.g. an aliphatic car- 
can have a cross-linking effect on the tannic acid and the boxylic acid, in a concentration e.g. between 0.5 to 5 g/L 
sutohon component. According to a further embodiment of the invention, the 

The solution containing both components must prefer- 45 substrate can be dyed following the standard process, and at 

ably have a pH between 2.5 and 5, and eventually be any time post-treated with the solution according to the 

adjusted by adding an acid for instance a sulfamic acid, invention, In this case the dyed substrate is treated with the 

formic acid, acetic acid . . . Strong mineral acids have to be solution containing both components, during a few minutes, 

avoided. preferably warmed up to a temperature of ±80° C. The 

According to an embodiment of the invention, the sub- 50 treated substrate is then rinsed, steamed and dried following 

strata to be dyed, will first be treated with the mixture of both the normal process. 

components according to the invention and afterwards cold When applied in a discontinuous process, the substrate is 

dyed. preferably dyed according to normal dyeing procedures, and 

The expression "dyed or dyeing" as used in this descrip- then posttreated in a bath with a solution of tannic acid- and 

don means any process by which dyes are applied on a 55 sulphon-components. The bam containing the substrate is 

substrate, such as dyeing, printing, spacing, spraying, etc... preferably gradually warmed up till ±80° C. Then the 

The dyes to be applied are dissolved in water, eventually substrate is cooled, rinsed and dried, 
by heating, and afterwards adjusted to the right volume with It is clear that the improved characteristics can also be 

cold water. The operation will preferably be done in an acid obtained by treating a substrate in a two step process, 

medium. 60 whereby in a first step one of the components (tannic 

When applying the dyestuff in a continuous printing acid-component or sulphon-component) is applied and in a 

process, an acid-resisting thickening agent such as an second step the other component whereby it can be possible 

hydrocolloide. e.g. Xanthanegum. will preferably be added. to apply for instance the first step before and the second step 

Dyestuffs suitable to be used when applying the mixture after dyeing. Such an embodiment needs however an addi- 

according to the invention, are in general acid as well as 65 tional treatment 

metalcomplex or disperse dyes. Basic dyestuffs are less When a substrate is treated according to one of these 

suitable, due to the acid conditions. embc>diments. an unknown resistance to oxidative bleaching 
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agents and chlorine is noticed. Also an unknown resistance Alguard NS and additives in the same concentration as in 

to colour stains of natural or synthetic origin containing example L but without adding tannic acid. The coloured 

anionic, cationic, metalcomplex or disperse dyes tuffs, is substrate was steamed and rinsed in the same way as in 

achieved. example 1. 

Stains of coffee at 70° C kool-aid (highly coloured 5 The substrates were subject to following tests: 

softdrink). wine, ink, etc.. can easily be removed by wetting Test 1: Benzoylperoxide test 

the stain with cold or lukewarm water, and dry dabbing. 1 cc of a skin care product. Mytolac (Richardson- Vicks). 

An additional advantage of the process according to the a commercial product containing 5% benzoylperoxide. was 

invention is. that a coloured substrate shows a better rests- spotted on substrates A. B, C and D. 

tance to products such as turpentine and white spirit, and an 10 The stain was left to dry during 24 hours and then treated 

improved resistance to mildew and house-mite has been with cold water and dabbed dry. 

observed. From substrate A, the stain had completely disappeared 

Tests have been executed with respect to light-fastness and there were no traces of any discoloration left, 

and washing-fastness, and showed that the process has no Substrates B and D were completely discoloured and an 

influence on the light fastness and a rather positive influence 15 orange stain was left. 

on the washing fastness. On substrate C. the stain had disappeared for about 70%. 

The process and the various ways of applying it is but showed a clear discoloration, 

described more in detail below, by way of following non Test 2: Coffee test 

restrictive examples: A cylinder 0 4 cm and 40 cm high was placed on the 

20 substrate. At the bottom of the cylinder. 10 ml of hot coffee 

EXAMPLE 1 at 70° C was injected, whilst on top of the cylinder a weight 

(AIM Coltads) (40% mxm soton) »as *U /to ~ „ JZJ^to .Effect c 

rinated water left a clearly visible pale stain. 

Apiece of substrate (A) consisting of polyamide 6.6 in the Qn substrate c me stain was removed for me major part 

form of spun yarns (as used in velvet) was soaked in this (g0%) but a trace remained visible. A further treatment with 

solution at room temperature and squeezed nil an uptake househo ld bleaching water containing 1 g/1 active chlorine 

equal to 100% substrate. 3S was Medei to remove ffie ^ ch i orillated water left 

The wet substrate was printed over with Acid Yellow 230. a slightly visible pale stain. 
To this end 1 g of dyestuff was dissolved in 0,1 1 of warm On substrate D. the stain was partly removed (±60%), but 
water, then cold water was added to 1 1. To this solution. 5 still well visible. A further treatment with household bleach- 
mi acetic acid 80% was added, until a pH of 3.5 was i n g water containing 1 g/1 active chlorine was needed to 
obtained. Finally, Xanthanegum Type Kelzan was added 40 remove the stain. The chlorinated water left a clearly visible 
until the required viscosity was reached. pale stain. 

After that the substrate was printed, it was steamed with Test 3: Red wine test 

airfree saturated steam at 98° C. during 2 minutes, and then With the same testing material as for the test mentioned 

rinsed with cold water. At the rinsing water and/or the last above. 10 ml of red wine was brought on the substrate and 

rmsmgbam.2gofainixtureofpoIyacrylicacids(Eulysine 45 left during 24 hours. Then the stain was treated with 

S) per liter of water was added. Then the substrate was dried lukewarm water and dabbed dry. 

at 100° C. The results were similar to these of the coffee test 

Comparative la On substrate A. the stain was completely removed. 

A piece of substrate (B) from the same material as On substrate B. the stain remained visible for 70%. 

substrate (A) was dyed with the same dye solution after it 50 On substrates C and D. the stain remained visible for 20% 

has been moistened with an aqueous solution of acetic acid to 40%. but a further treatment with chlorinated water was 

to which isopropanol was added, but without tannic acid or needed, which left a pale stain, 

any condensation product of a sulphonated phenol- or Test 4: Kool-aid test 

naphtol-derivate with an aldehyde. The coloured substrate With the same testing material as for the test 2. a kool-aid 

was steamed and rinsed in the same way as in example 1. 55 stain was made on the substrate. The stain was made with a 

Comparative 1 b solution of 95 g/1 kool-aid in tap water. After 24 hours, the 

A piece of substrate (C) from the same material as stain was treated with cold water and dabbed dry. 

substrate (A) was dyed with the same dye solution after it On substrate A. the stain was completely removed, 

has been treated with an aqueous solution to which 20 g/1 On substrate B. the stain was still present for 90%. 

tannic acid, as well as acetic acid and isopropanol was 60 On substrate C. the stain was still present for 80%. 

added, but not sulphonated condensation product The On substrate D. the stain was almost completely removed, 

coloured substrate was steamed and rinsed in the same way Test 5: Chlorine test 

as in example 1. With a pipette. 2 mi of a solution of respectively 1 g/1. 3 

Comparative 1 c g/1 and 10 g/l active chlorine was brought on the substrate. 

A piece of substrate (D) from the same material as 65 After 24 hours the stains were visually evaluated, 

substrate (A) was dyed with the same dye solution after it On substrate A. no discoloration was noticed for 1 g/l and 

had been moistened with an aqueous solution containing 3 g/1. The solution of 10 g/1 had caused a slight discoloration. 
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On substrate B. there was already a discoloration at 1 g/l. In comparative trial 2c a substrate (H) was treated as in 

On substrate C. no discoloration was noticed at 1 g/l and example 2 but with the sulphon component and without the 

3 g/L The solution of 10 g/l caused a very clear discoloration. tannic acid component 

On substrate D. there was already a discoloration at l g/L The tests 1 to 4 as given for example 1 were also repeated 

It has to be noticed, that a clear difference of discoloration * ^ - 



^t^ol^ Sa suMAaDisuM Mle/l 5 only the 3 g/l active chlorine was tested. 

On substrate B and D a complete discoloration was 
noticed at 3 g/l and with 10 g/l the substrate was affected. EXAMPLE 3 

against chlorine, but also gives a protection against the of mermofixed polyamide 6 bulked contmuous filament in 

destruction of the substrate itself. cut P"* 5 - 

Test 6: Repeated stains Comparative trials 3a, 3b and 3c were made on substrates 

The coffee test (test 2) was repeated several times on the (L) (M) and (N) but: 
same spot of the substrate, and each time, the stain was 15 . ^ witnout ^wic add component and without sulphon 



' and the results are summarised in table 1 hereafter. For test 



t and without sulphon 



The tests 1 to 5 as given for example 1 were also repeated. 



treated with lukewarm water. 

On substrate A, the coffee stain disappeared after five 
times (repeated stains) without leaving any trace. When the 

T^^^S^^^S^ » • SftS^ -nic acid component and with sulphon 
water. 

Test 7: Light fastness 

A part of substrate A was exposed to light according to the 

DIN norm 54004. corresponding to ISO norm 105/BO2 EXAMPLE 4 

(Xenontest). 25 . 

The stain resistance test (test 2) as described above, was In this example, the treatment according to the invention 

done on the exposed part after 24 hours of exposure to light. was applied in a continuous process but after that the 

after 48 hours, after 72 hours ... till after 240 hours of substrate has been dyed. 

exposure. A solution of tannic acid. Alguard NS. pdyacrylic acid 

The effectiveness of the stain removing treatment was 3Q and acetic acid was prepared in concentrations and compo- 

compared with a non exposed part of substrate A. There was L ^ R rf me MoQ was 3>5 _ 

no difference noticed between the non exposed and the part v ' ^ ^ 

exposed to light, even after 240 hours of exposure. This solution was poured over a piece of dyed polyanude 

The same test was repeated on substrates A and B and the 6 substrate (P) in the form of a textured continuous filament 

colour fastness of both substrates was compared after 240 (as substrate E) and then steamed, rinsed and dried as in 

hours of exposure. No colour difference was noticed. There- 33 example 1. 

fore it can be stated that the treatment according to the Comparative trials 4a, 4b. 4c 

invention has no influence on the colour fastness. pieces of substrate /q), (r)< (S) from the same material as 

An additional test showed that for a substrate on the basis M ^ wefe ^ me same solution . but 

of polyamide dyed with a basic dyestuff the light fastness resnec « ve \ v . 

r t « U 1h^ y ,T° VeA 40 . STwithout tannic acid and without Alguard NS 

TCS A i£«S£L A was treated with a neutral carpet • W Alguard NS jta. : ^ jtujnk : arid 

shampoo (Belgian Norm NBB : G62-014). The shampoo was • ® «*« Obmc; aad bu w.ftAlg^«lNS 

mixedwith water and the foam brought on the substrate with The tests 1 to 5 as given for example 1 were repeated, 
a brush. The shampoo was left to dry on the carpet and then 45 

removed with a vacuum cleaner. EXAMPLE 5 

Ate to treatment test 2 as described abov^was done discontinuous 

on the cleaned part and compared to a part of substrate A not muw ' ^ X L T ™. .~i..h-™ ,™-™vi;„„ 

treated with shampoo. No substantial difference was noticed. Process, and afterwards treated with the solution according 

This shampoo treatment did not affect the effectiveness of so to me on - 

the stain-removing treatment A piece of polyamide 6.6 substrate (T) in me form as 

This test was repeated five times, and showed mat even substrate A (example 1) was dyed in the classic way with an 

after five shampoo treatments, the stain caused by hot coffee. acid dyestuff and rinsed. Thereafter the substrate was 

still was completely removable without leaving any traces. immersed in a bath containing a solution of tannic acid. 

EXAMpLE2 55 Alguard NS. and polyacrylic acid in concentrations and with 
composition as in example 1. 

Example 1 was repeated but on a substrate (E) consisting __ . . .... , ... ™„ „ . , „ 

of Slide 6 in theTorm of a bulked continuous filament The bath was gradually heated till 80° C. and kept at this 

Comparative trials la. lb and 1c were also repeated on ^rnperature for about 20 rmnutes. then cooled, rinsed and 

substrates (F) (G) and (H). which were identical with «, dnecL 

substrate (E). Comparative trials 5a. 5b. 5c 

In comparative trial 2a a substrate (F) was treated as in Pieces of substrate (U). (V). (W) from the same material 

example 2 but without the tannic acid component and as substrate (T) were dyed in the same way. but respectively 

without the sulphon component. treated: 

In comparative trial 2b a substrate (G) was treated as in 65 • (U) without tannic acid and without Alguard NS 

example 2 but with the tannic acid component and without • (V) without Alguard NS but with tannic acid 

the sulphon component. • (W) without tannic acid but with Alguard NS. 
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The tests 1 to 5 as given for example 1 were repeated. form of copolymers or bicomponent synthetic fibres. Tests 

made on various fibres confirmed the positive results. 

TABLE 1 a is clear that the treatment with the solution containing 

— — — — — — — — — — — — — — — tannic acid and a condensation product of a sulphonated 

Substrate l 2 3 4 5 s phenol- or naphthd derivate with an aldehyde, can be 

A o 100 100 too o combined with other compounds used in the field of the 

B ioo 20 30 io ioo textile industry to seek for additional properties, 

c 30 80 80 20 o The concentrations, temperatures and reaction times were 

E 1C o ioo too ioo 10 o determined by the man skilled in the art. according to the 

F 100 jo M 30 ioo 1° used reagentia, products, dyestuffs. production process, type 

0 25 95 95 60 o of substrate, etc... 

H ioo 30 30 ioo ioo Also the choice of stabilizer, wetting agent and other 

1 ioo m m » ioo auxiliaries will be made by the man skilled in the art. who 
M 35 70 90 50 30 will take care that the selected auxiliaries do not cause any 
N ioo 30 30 ioo ioo is undesired reaction with the tannic acid component or the 
P o ioo ioo ioo o sulphon component or with any other product used. 

Q 100 20 30 30 100 T Hrinr 

I ioo 30 30 ioo ioo 1- Method for improving the stain resistance of a substrate 

t o ioo ioo ioo o made out of dyed or dyeable natural or synthetic fibres, said 

U ioo 20 30 20 ioo jo method comprising contacting the substrate in acid medium 

with tannic acid and with sulphonated phenol- or naphthol- 
aldehyde condensation product, the amounts of tannic acid 



100 30 



Test l Beraoylperaxide test % discoloration and sulphonated product each being in the range of 10 to 90 

Test 2 Coffee test % of stain disappeared percent, based on the total weight of said tannic acid and 

Test 3 Red wine test % of stain disappeared sulphonated product, and producing improved stain resis- 

Tcst 4 Kool-aid test % of stain disappeared ~* . , . \ „. 

lest 5 Chlorine test % discoloration wit 3 g active clterine per liter. Xsa ^ & m ^ d Substrate through such COntactmg. 

2. Method according to claim I. wherein the total weight 

ft is obvious that the invention is not restricted to the 0 f said tannic acid and sulphonated product represents 1 to 

described examples, but applies for any process by which a g% by weight of said medium. 

substrate is treated with a tannic acid solution (whereby ^ 3. Method according to claim 1. wherein the amounts of 

tannic acid is to be understood in a broad sense, as described ^ ^ su i phonate d product are in the ranges of 40 

hereabove) and a solution containing a condensation product to g0% ^ 2 o to 60% respectively, based on the total weight 

of a sulphonated phenol- or naphtol-derivate with an aide- rf ^ d ^ acid ^ sulphonated product. 

hyd^Thts.treatmcnt can be done before, during or after 4. Memod accordmg to daim 3. whe^n me total weight , 

V examples were intentionally given with an identical 35 of said |an^c add and su^honated product represents 1 to 

mixture of tannic acid and Alguard NS. so that results could 6% by waght of said medium. 

be better compared. 5. Method according to claim 1. wherein the aad medium 

Additionally to the described tests, laboratory tests were is *» "i™™* solutJon having a pH in the range of 2.5 to 5. 

made with coloured stains originating from different types of *■ Method according to claim 1. 2. 3. 4 or 5 wherein the 

drinks and all results confirmed the improved resistance. 40 tannic add has a molecular wdght equal to or greater than 

Furthermore tests were made with a tannic add from 1500. 

other suppliers and did not show any difference, so that any 7. Method according to claim 1. 2. 3. 4 or 5 wherdn the 

available commercial product can be used The molecular tannic acid is a mixture of tannic add with a molecular 

weight however is an important factor, and it can be pre- weight lower than 1000 and tannic acid with a molecular 

f erred to use a mixture of tannic add with a low MW, and 45 weight higher than 1500. 

a tannic acid with a high MW. 8. Method according to claim 1. wherein the substrate is 

Tests were also carried out with different other conden- brought into contact with the tannic acid and sulphonated 

sation products of a sulphonated phenol- or naphtol- derivate product before, during or after dyeing of the substrate, 

with aldehydes, with equal results. 9. Method according to claim 1. wherein the substrate is 

Instead of Alguard NS, different Mesitol (Bayer) so brought into contact with the tannic acid and sulphonated 

products, different Stainmaster (Du Pont de Nemours) product during dyeing of the substrate, 

produds. Erional KF (Ciba), Matexil FA-SNX (Zeneca), 16. Method according to claim 1. wherein the substrate is 

Resist 80-20 (Sandoz). Intratex N (Crompton & Knowles). brought into contact with the tannic add and sulphonated 

etc.. can also be used. product after dyeing of the substrate. 

The examples were given with use of different polyamide 55 11. Method according to claim 1 wherein the medium is 

substrates to demonstrate the results on the different char- an aqueous solution and contains a stabilizer in an amount 

acteristics of the fibres. As a matter of fact each pdyamide sufficient to avoid oxidation of the substrate and the solution, 

has its own characteristics. So is PA 6 different from PA 6.6. 12. Method according to daim 1. wherein the tannic add 

is a PA with a continuous filament different from a PA with and sulphonated product are brought into contact with the 

fibres in a spun yarn and that there are differences resulting 60 substrate sequentially. 

from the manufacturing process, for instance PA thermo- 13. A substrate of natural or synthetic fibers having 

fixed or not thermofixed. improved stain resistance as compared to that of the 

The method is described and illustrated on the hand of untreated substrate, said substrate having been 
polyamide fibres, but can be used for a large range of other (a) treated with tannic add and sulfonated phenol- or 
substrates such as wool. sflk. cotton, cellulosic substrate as 65 naphthol-aldehyde condensation product, in amounts 
well as polyester, polypropylene, polyacrylonitrile fibres. sufficient to improve the stain resistance of the sub- 
modified or not. in the form of polymers as well as in the strate; and 
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(b) colored by application of dyestuff prior to. during or 
after treatment of the substrate with said tannic acid and 
sulphonated product 

14. A substrate with improved stain resistance as com- 
pared to that of the untreated substrate, said substrate of 5 
improved stain resistance being a product of the process of 
treating a substrate made of dyed or dyeable natural or 
synthetic fibres, in acid medium, with tannic acid and with 
sulphonated phenol- or naphthol-aldehyde condensation 
product, the amounts of tannic acid and sulphonated product 10 
each being in the range of 1 0 to 90 percent, based on the total 
weight of said tannic acid and sulphonated product 

15. A substrate according to claim 13 or 14 which 
comprises polyamide fibre. 

16. A substrate according to claim 13 or 14 which is in the is 
form of carpet. 

17. An improved method of cleaning a colored substrate, 
wherein the improvement comprises: 

pretreating said colored substrate, in an acidic medium 
prior to the presence of a given stain on said substrate. 20 
with tannic acid and sulphonated phenol- or naphthol- 
aldehyde condensation product, the amounts of tannic 
acid and sulphonated product each being in the range of 
10 to 90 percent based on the total weight of said tannic 
acid and sulphonated product; and 25 

cleaning said stain from the pretreated substrate. 

18. Method according to claim 17 wherein said substrate 
is cleaned by application of water to the stain. 

19. Method according to claim 17 or 18 wherein the stain 
is composed of a persistent dye or pigment selected from 
among coffee, tea. wine, fruit juice or ink. 
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20. A solution for improving the stain resistance of a 
substrate, said solution containing tannic acid and sulpho- 
nated phenol- or naphthol-aldehyde condensation product 
the amounts of tannic acid and sulphonated product each 
being in the range of 10 to 90 percent, based on the total 
weight of said tannic acid and sulphonated product. 

21. A solution according to claim 20 wherein the amount 
of tannic acid is in the range of 40-90%, based on the total 
weight of said tannic acid and sulphonated product. 

22. Method for producing a colored substrate of natural or 
synthetic fibres having improved stain resistance, said 
method comprising 

(a) contacting the substrate with tannic acid and sulpho- 
nated phenol- or naphthol-aldehyde condensation prod- 
uct at a combined weight concentration of 1-6% in 
aqueous acid medium, the amounts of tannic acid and 
sulphonated product each being in the range of 10 to 90 
percent, based on the total weight of said tannic acid 
and sulphonated product, the total of said amounts 
being sufficient to improve the stain resistance of the 
substrate. 

(b) coloring said substrate with dye applied during or after 
contacting said substrate with said tannic acid and 
sulphonated product, and 

(c) recovering a product of improved stain resistance as 
compared to a similarly dyed product not contacted 
with said tannic acid and sulphonated product. 
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[57] ABSTRACT 
A dye composition comprising (a) a water insoluble 
nigrosine dye, induline dye or basic dye, (b) a water 
miscible solvent, and (c) a hydroxycarboxylic acid hav- 
ing at least three hydroxy groups is useful in preparing 
aqueous inks and dye baths. If desired, such baths may 
also include a mordant, a humectant and a corrosion 
inhibitor. 
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cation that is similar to a chelate. A chelate generally 

SUBSTANTIVE DYES, INKS AND DYE BATHS comprises one or more polydentate ligands and a metal 

ion. The interaction between the ligand and the metal 

The present invention relates to dyes, inks and dye ion results in a modification of the solution properties 

baths and to methods of preparing and using such dyes, 5 (e.g., solubility) of the metal ion. While I do not wish to 

inks and dye baths. The dyes, inks and dye baths of the be bound by theory, I believe that in a composition of 

present invention are aqueous solutions or are soluble in my invention, the hydroxycarboxylic acid is acting as a 

aqueous solutions and are thus conveniently used. Nev- plydentate ligand and the dye cation is acting as if it 

ertheless, they are substantive on cellulose and com- we re a metal ion. The complex that results from the 

monly used textiles (e.g., textiles manufactured from 10 interaction between the hydroxycarboxylic acid and the 

wool, silk, cotton, and acrylonitrile), as well as on pa- dye cation unexpectedly is substantive upon cellulose or 

pers, so that they may be used to obtain a permanent clay-coated substrates (e.g., claycoated paper) but has a 

mark or color. The dyes, inks and dye baths of the low degree of aggression toward the metal components 

present invention may be used with equipment that has Q f printing equipment. 

metal or plastic parts because the compositions of the 15 Many basic dyes (for example, Crystal Violet, Rho- 

present invention tend to have a low degree of aggres- damine B, Auramine O, Victoria Pure Blue BO, Basic 

sion toward such parts. The'dyes of the present inven- Buie 1( ^ B as ; c Blue 3) are more or less water soluble 

tion may be used in textile dyeing, flexographic printing ^ nave j ittle or no su bstantivity for cellulose or simi- 

of newspapers and packaging, and in the preparation of ^ mater jals. Such dyes can, however, be rendered 

ink-jets inks and writing instrument inks. 20 water insoluble by treating them with one or two times 

Nigrosine and induline dyes may be prepared as the their own weign t of an insolubilizing agent such as 

hydrochloride and as such are soluble in lower alcohols tannic acid of gallic acid 0ther } nso hibilizing agents 

(i.e., they are spirit soluble) but are insoluble m water. ^ hown ^ m0 rdants) such as Tamolan A Liquid (a 

These dyes may be sulfonated with sulfunc acid so as to proprietary replacement for tannic acid, manufactured 

make them water soluble. Whereas spirit soluble nigro- 25 by BAgF Wyandotte Corporation of Parsippany, N.J.) 

sine and induline dyes, if used m a non-aqueous solvent ^ fee used tQ render basic dyes water inso i u ble. It 

(e.g., a dye bath comprising methanol, ethanol, or a ^ feeen known ^ organic adds such as acetiCi 

glycol), are capable of permanently marking substrates e±1 tartaric Qr glycollic acid 

such as , cellulose, wood, and the like, sulfonated nigro- such acetine (the monoethylester 0 f 

sine and induline dyes have httle affinity for many such 30 maintaining at least some solu- 

substrates and will readily wash off upon exposure to ^ Qf ^ dye fa ^ presence Qf tannic add (see for 

mdulme dyes, coupled with the inconvenience of using J r;„™„ m .t rrarmanv Philadelphia Pa 

the more substantive spirit soluble dyes (which require 35 ^ 1 3 ^ 1 SS^SS^ V S^'£L. 

an alcoholic solvent rather than water), has resulted in v u '. mM ,„u:_„ „„i„ 

, . , . . . • , . „. ■ organic acids is not desirable because the resulting solu- 

t^^JSS^SS^^ ^generally form_precipitates within a day or two 



ri?^^ a 2^^S^^ toWh ^ ti,,C,0 ' 40 Eyeing and printing is limited to solutions that are 

^f^^^^^nor, ^ f-hly prepared. Such ^""^cj^ 

toxic. As a result, it is, by far the most widely used be suitable when used for inks or for dye baths intended 

medium for the application of dyes in the textile indus- to be used over a period of .^smce .tte P^P***?* 

try and it is used as a solvent for inks whenever practi- would prevent proper dyeing of the substrate. On the 

cal. Most papers are made so as to yield non-feathering 45 other hand without using such acids combinations of 

marks with aqueous inks. Thus, flexographic and gra- water soluble basic dyes with msolubihzmg agents such 

vure printing system inks and rolling writer and fiber tip as tannic acid and gallic acid generally cannot be ap- 

pen inks yield a sharp image with water based vehicles pl*d from an aqueous bath since the combinations are 

on such papers. Therefore,* is desirable that a dyestuff soluble in water. In order to avoid this problem one 

intended to be used in the textile industry or in one of 50 would treat a cellulose substrate with an rosolubihzing 

the aforementioned inks be water soluble. agent such as tannic acid, then subject the treated sub- 

• I have found that I can make nigrosine dyes, induline strate, after drying, to a dye bath, and finally treat the 

dyes, and water insoluble basic dyes soluble in water dyed material with an aqueous solution of tartar emetic, 

without causing them to lose their substantivity on vari- Thereafter, the fabric would be washed and dried. Al- 

ous substrates (e.g., cellulose, silk, and wool). The dyes 55 ternatively, the dye and the msolubilizmg agent might 

that may be solubilized include both the aforementioned be solubilized in a lower alcohol (e.g., methanol, etha- 

dyes and the corresponding dye bases. Accordingly, as nol or isopropanol) and used in an alcoholic vehicle, 
used herein, and unless indicated otherwise, the terms I have found that by properly treatmg combinations 

nigrosine dye, induline dye or basic dye shall be under- of dye and tannic acid with the hydroxycarboxylic 

stood to include both the dye and the corresponding 60 acids of the present invention, I can obtain a water 

dye base. soluble system that can conveniently be used to directly 

In the method of my invention, solubilization of a dye dye cellulosic materials, wool, silk, or acrylonitrile fab- 

in an aqueous solution is achieved by reacting the dye, ric from a single aqueous dye bath. The fabric so treated 

dissolved in a water miscible solvent, with a hydrox- is permanently dyed and may be washed in water or put 

ycarboxylic acid containing multiple hydroxy groups. 65 through a washing machine without substantial loss of 

While I do not wish to be bound by any theory, I be- color. Similarly, paper may be permanently dyed or 

lieve that such hydroxycarboxylic acids are able to printed with such compositions and the dye will not 

solubilize a dye by forming a complex with the dye bleed off even if the paper is immersed in water. 



(See Example 15). Thus, the use of such solutions f< 
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As used herein, and unless indicated otherwise, the The foregoing ink or dye bath may also contain a corro- 

term "water insoluble" as applied to a nigrosine dye, an sion inhibitor, a humectant or both, 

induline dye or a basic dye, means a dye that by itself or In the dye compositions, inks and dye baths of the 

in the presence of a mordant (because it has been pre- present invention the weight ratio of said hydroxycar- 

treated with a mordant (e.g., tannic acid or gallic acid) 5 boxylic acid to said water insoluble nigrosine dye, indu- 

or because of the solution in which it is to be dissolved line dye or basic dye is preferably in the range of about 

contains a mordant (e.g., tannic acid or gallic acid)) is 4 to 1 to about 0.5 to 1, more preferably about 2 1 to 

insoluble or is soluble to an extent of no more than 1 about 1 to 1, and most preferably about 1 to 1. How- 

mg/liter of water but that can be solubilized with the ever, for dyes that are difficult to dissolve, the use of a 

aid of a hydroxycarboxylic acid so that it is soluble in an 10 hydroxycarboxylic acid to dye weight ratio greater that 

aqueous solution of the present invention to an extent of 1 to 1, and in exceptional cases greater than 4 to 1, may 

at least about 150 mg of dye per milliliter of solution. be desirable. In such compositions, the concentration of 

In one of its embodiments, the present invention re- hydroxycarboxylic acid in the aqueous inks and dye 

lates to a dye composition comprising baths of * e P res ^ nt myenaon generally ranges up to 

(a) a water insoluble nigrosine dye, induline dye or 15 a °° ut 2 ° P ercent by weight (based on the weight of the 
basic dye- " solution) and is preferably no more than about 15 per- 

(b) a water 'miscible solvent; and «f* b V wei S ht ' « d more P«ferably no more than 

(c) a hydroxycarboxylic acid having at least three ab °^ 10 percent by weight 

hvdroxv erouos Nigrosine and induline dyes are azine dyes. Their 

~, <.„„ :„_„„„' „„ . .-,„,. , - t . „, ot „, 20 character and preparation are described in more detail 

JJ^^,^ZfSr y in - for exam p£ Vol- A3 of Ullman's Encyclopedia of 

T^Z^^f^U^tn^inVar^ lndMl Chemntry, (VCH Publishers, Deerfield 

The present invention also relates to an ink or dye nisrosine dve mav be made bv 



bath comprising an aqueous solution that comprises 



Beach, Fla., 1985). A nigrosine dye may be made by 

, . , ,. • , heating a mixture of aniline, nitrobenzene, hydrochloric 

(a) a water insoluble nigrosine dye, induline dye or 2J ^ ^ ^ ^ & t ^ N ^ of a ^ QVer 

basic dye, 2QQ . c Subsequent to the heating process, the dye is 

(b) a water miscible solvent; powdered and slurried first with dilute hydrochloric 

(c) a hydroxycarboxylic acid having at least three ^ and then wkh a ^ aqueous solut5on of sodium 
hydroxy groups; and carbonate to first remove any excess aniline and then to 

W water^ 30 convert the dye to the dye base form. The resulting 

As will be discussed in greater detail below, the forego- material is so i d as a dry powder to users and is called 

ing solution may be prepared by combining the dye, the nigrosine base or C .I. (Color Index) Solvent Black 7 

water miscible solvent and the hydroxycarboxylic acid (c j Number 50415 ). other nigrosine dyes are similarly 

and then adding water. Alternatively, the first two com- prepared. 

ponents and a portion of the third component may be 35 If a spuit or alcohol soluble nigrosine dye is desired, 

combined and the resulting solution may be diluted with the . aforementioned washing with dilute sodium carbon- 

an aqueous solution containing the balance of the hy- ate solutio n is eliminated. If a water soluble nigrosine 

droxycarboxylic acid. Additional ingredients, such as a dye is des ired, it may be prepared by heating nigrosine 

humectant, a corrosion inhibitor, or both, may also be base to abo ut 110° C. with three times its weight in 

added to the inks and dye baths of the present invention. 40 su if ur i c acid until a test sample of the reaction product 

A preferred embodiment of the present invention becomes soluble in dilute ammonium hydroxide. The 

relates to an aqueous ink or dye bath comprising dye is tnen was hed and neutralized with sodium hy- 

(a) a water insoluble nigrosine dye, induline dye or droxide. 

basic dye; An induline dye may be made by heating a mixture of 

(b) a water miscible solvent; 45 aniline, aniline hydrochloride, and phenylazoaniline to a ■ 

(c) a hydroxycarboxylic acid having at least three temperature -near 180° C. The melt is ground and 
hydroxy groups; washed in a weakly basic solution to form the dye base. 

(d) a mordant (e.g., tannic acid or gallic acid, prefera- The dye base is sold as a powder and is referred to as 
bly tannic acid); and C.I. Solvent Blue 7 C.I. Number 50400). Other induline 

(e) water. 50 dyes are similarly prepared. 

The foregoing ink or dye bath may also contain a corro- Dyes related to indulines but of different shades 
sion inhibitor, a humectant or both. (ranging from bluish reds to deep blues) may be made 
A particularly preferred embodiment of the present by reacting together (a) an aromatic amine having its 
invention relates to an aqueous ink or dye bath compris- para position free, (b) the hydrochloride of the forego- 
ing 55 ing amine and (c) an aromatic amine that is substituted 

(a) about 0.0001 to about 15 parts by weight of a at its para position with a substituted or unsubstituted 
water insoluble nigrosine dye, induline dye or basic phenyl or napthyl azo group. Most such materials are 
dye; water insoluble though some diamine compounds have 

(b) about 0.0001 to about 60 parts by weight of a a degree of solubility (but many may be insoluble when 
hydroxycarboxylic acid having at least three hy- 60 combined with a mordant). As used herein, unless indi- 
droxy groups; cated otherwise, the words "induline dyes" should be 

(c) about 0.0001 to about 60 parts by weight of a understood to include the foregoing dyes that are re- 
water miscible solvent; lated to indulines. 

(d) about 25 to about 100 parts by weight of water; There are large numbers of basic dyes that were ini- 
and optionally, 65 tially prepared prior to the 1960's. Within the last 

(e) about 0.0001 to about 30 parts by weight of a twenty years, in response to the discovery that many 
mordant (e.g., tannic acid or gallic acid, preferably basic dyes are lightfast on polyacrylonitrile, a number 
tannic acid). of new basic dyes have been prepared (e.g., by the 
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diazocoupling of sulfur-containing heterocyclic com- ylene glycol, glycol DB, and glycol DE, dimethylform- 
pounds to aromatic amines). Generally, basic dyes are amide, N-methyl-2-pyrrolidine, and dimethylsulfoxide. 
brilliantly colored and have a high tinctorial strength. Methanol and dimethyl formamide are preferred sol- 
Basic dyes, by definition, carry a positive charge and vents. 

are also called cationic dyes since they are attracted in 5 A mordant is not always required for all inks or dye 
solution to the negative electrode or cathode of an elec- baths of the present invention simply because some dyes 
trochemical cell. Basic dyes that are useful in the pres- (e.g., nigrosine dyes, induline dyes, Solvent Blue 23, and 
ent invention include Malachite Green, Basic Blue 1, Violamine) are not water soluble and thus will not 
Basic Blue 3, Basic Blue 41, Rhodamine B, Rhodamine readily be washed off with water. Nevertheless, most 
6G, Basic Yellow 11, Auramine O, Thioflavine T, Acri- 10 common basic dyes require a mordant when they are 
dine Orange, Auramine G, Basic Red 12, 14, or 15, used to dye fibers such as silk or cotton or are used in 
Basic Violet 16, Acridine Yellow, Crystal Violet, Basic inks for printing upon paper. Although certain dyes 
Orange 21, Methyl Violet, Ethyl Violet, and Victoria may not always require a mordant, the fastness of such 
Pure Blue BO. I have chosen to consider dyes such as dyes (e.g., Solvent Blue 23) may be improved if a mor- 
Solvent Blue 23 (which is insoluble even in the absence 15 dant is used. Tannic acid is especially useful in fixing 
of a mordant) basic dyes since they carry a positive some dyes (e.g., Solvent Blue 23) and making them fast 
charge in an acidic solution of a solvent in which they to washing. When a mordant is used in the dye composi- 
are soluble (e.g., methanol). Although I have referred to tions, inks and dye baths of the present invention, the 
nigrosine or induline dyes as separate groups of dyes in amount of mordant is preferably in the range of about 2 
discussing the dye component in my invention, nigro- 20 to 1 parts by weight of mordant for each part by weight 
sine or induline dyes may also be considered basic dyes of dye or dye base. 

because they also carry a positive charge in an acidic Tannic acid is readily available and relatively inex- 
solution in which they are soluble. . pensive and is, therefore, a preferred mordant. Other 

Basic dyes vary widely in solubility. Some such as mordants may be prepared by reacting formaldehyde 
Rhodamine B are readily soluble in water (but are insol- 25 with phenol or salicyclic acid or by reacting sulfur with 
uble when combined with a mordant) while others such phenols. Most such mordants are proprietary materials ' 
as Victoria Blue B have poor solubility in water. and, generally, their structures are not known. Tamolan 

As used herein, and unless indicated otherwise, the A (available from BASF), discussed above, may be a 
term "a hydroxycarboxylic acid having at least three reaction product of sulphur and phenol. Other fixing 
hydroxy groups" shall be understood to mean a hydrox- 30 agents similar to tannic acid (e.g., gallic acid) may also 
ycarboxylic acid having at least three hydroxy groups, be used. Such agents have been widely discussed in the 
not including the hydroxy group that is part of the literature. See, for example K. Venkataraman, The 
carboxyl group and not including a hydroxy group that Chemistry of Synthetic Dyes, Vol. I, page 278, Academic 
is a substituent on an aromatic ring. Preferably, each Press, New York, New York (1952). Combinations of 
required hydroxy group is a substituent on an aliphatic 35 mordants (e.g. combinations of tannic acid and Tamolan 
carbon atom. It will also be understood that the hydrox- A) may also be used as the mordant in the compositions 
ycarboxylic acid should be soluble in the aqueous solu- of my invention. 

tions of the present invention. Gluconic acid is the most I have found that when tannic acid is used to insolubi- 
readily available of the hydroxycarboxylic acids that lize a basic dye, the resulting material may generally be 
are useful in the compositions of the present invention 40 used to prepare solutions that are compositions of the 
and is, therefore, preferred. Other hydroxycarboxylic present invention. However, combinations of Tamolan 
acids that may be used include a-D-glucoheptonic acid A and basic dyes are not always sufficiently solubilized 
gamma-lactone, galactonic acid, and glucuronic acid. by the hydroxycarboxylic acids of my invention. For 
Other useful hydroxycarboxylic acids may be prepared example, combinations of Crystal Violet and Tamolan 
by oxidizing sugars such as fructose, mannitol, galac- 45 A are generally solubilized by the hydroxycarboxylic 
tose, and the like to the corresponding acids or by oxi- acids of my invention but combinations of Malachite 
dizing similar carbohydrates to the corresponding acids. Green and Tamolan A are not solubilized by said hy- 
Such oxidation may be performed with bromine or droxycarboxylic acids. Accordingly, as used herein and 
nitric acid under mild conditions, for example, by unless otherwise indicated, the term mordant, as applied 
warming an aqueous solution of the sugar with nitric 50 to the compositions of my invention, shall be under- 
acid. A mixture of hydroxycarboxylic acids rather than stood to mean an insolubilizing agent that combines 
a single hydroxycarboxylic acid may be used in the with a basic dye to yield an insoluble material that may 
compositions of the present invention and the term be resolubilized using a hydroxycarboxylic acid having 
"hydroxycarboxylic acid having at least three hydroxy at least three hydroxy groups. Whether a particular 
groups" shall be understood to include such mixtures. 55 insolubilizing agent is considered a mordant of the pres- 
Such mixtures may be obtained, for example, by the ent invention depends upon the basic dye that is used 
oxidation of com syrup. together with the insolubilizing agent. If the combina- 

The water miscible solvent used to prepare the dye tion of the dye and the insolubilizing agent can be 
compositions, inks and dye baths of the present inven- resolubilized with a hydroxycarboxylic acid having at 
tion should be capable of dissolving the nigrosine dye, 60 least three hydroxy groups, the insolubilizing agent is 
induline dye or basic dye with which it is to be used and considered a mordant of the present invention. On the 
should be capable of forming a solution with water. other hand, if the aforementioned combination cannot 
Preferably, the solvent should not excessively attack be resolubilized with a hydroxycarboxylic acid having 
(e.g., cause corrosion or swelling of) the metal or plastic at least three hydroxy groups, the insolubilizing agent is 
parts used in printing and dyeing equipment. Suitable 65 not considered a mordant of the present invention, 
solvents include alcohols, such as methanol, ethanol, The most common metallic materials found in print- 
and isopropanol, glycols, such as ethylene glycol, dieth- ing presses, ink jet systems, writing instruments and 
ylene glycol, polyethylene glycol, 1,3-butanediol, hex- textile dyeing systems are stainless steel, copper, brass, 
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nickel and steel. Although the compositions of the pres- the dye. Reaction may occur at room temperature or 
ent invention tend to have a low degree of aggression gentle heating (up to about 40° C.) for a period of a few 
toward these materials, it is preferred to further protect minutes may be required. Generally, the resulting solu- 
these materials by the addition of a corrosion inhibitor. tion will be completely soluble in water or it will at least 
It is generally not necessary, however, to further pro- 5 be soluble in a solution that comprises up to about 10% 
tect the plastic components of printing, writing or dye- by weight (based on the weight of the solution) of hy- 
ing equipment from the compositions of the present droxycarboxylic acid (e.g., gluconic acid). Use of such 
invention. a io% by weight solution of hydroxycarboxylic acid 

Compositions comprising benzotriazole and, option- may De necessary in preparing an ink or dye bath corn- 
ally, also comprising copper sulfate are preferred corro- 10 pr i s j ng a very difficult to dissolve combination of dye 
sion inhibitors. Benzotriazole is compatible with the dye . ^ mordant (e . g . ( a combination of Tamolan A and 
systems described below in Examples 1-14, is readily tamdc acid with a re]atively water insoluble dye). When 
available, and inhibits corrosion without staining metal di i utmg the aforementioned resulting solution, it is pref- 
parts. Mercaptobenzothiazole is also useful as a corro- erable tQ add di]uent slowl (es ecially when diluting 
sion inhibitor, either by itself or in combination with 15 ^ watej . father thafl wjth a 1Q% soIution of hydrox . 
copper sultate. ycarboxylic acid) so as not to cause precipitation of dye, 

Other useful corrosion inhibitors are compositions wh( / n the d h one ^ is difflcu]t to dis . 

compnsmg benzothiazole or mercaptobenzothiazole 0 ] ve 

and a salt selected from the group consisting of stannous ^ ~ . ^. ^, ^ . ,. , , 

sulfate, other stannous sal£ copper salts other than 20 ™ e amount °f aqueous solution that should be added 

copper sulfate, and silver salts. to th f solutlon of d ^. a ? d - wate ' T.? f™* Z 

The optimum amount of corrosion inhibitor for a mo f dant to 311 lnk ° r d y e ba * depends upon the 

particular application will depend on variables such as deslred concentration of dye in such ink or dye bath 

the specific hydroxycarboxylic acid used; its concentra- Factors to be considered mclude the tinctorial strength 

tion, and the pH of the solution. When a combination of 25 of the d y e > the shade of d y ed fabnc desired, and, for 

benzotriazole and copper sulfate is used as the corrosion ink s, the required thickness of the ink film. For an ink 

inhibitor, the concentration of benzotriazole is gener- jet ^ the fmal concentration of the dye is generally in 

ally about 2.2 to about 0.5% by weight based on the the range of about 0.1% to about 1% by weight (based 

weight of the solution and the concentration of the on the weight of the ink), whereas for a newspaper ink, 

copper sulfate is about 50 parts by weight per million 30 generally, the dye (e.g., nigrosine) content is between 

parts by weight of solution. about 2 and about 1 5% by weight (based on the weight 

A composition of the present invention that com- of the ink) and for a writing instrument ink, about 2 to 

prises about 10% by weight of gluconic acid can gener- about 7% by weight (based on the weight of the ink), 

ally be inhibited against corrosion of copper by as little For textile dyeing, depending upon the shade desired 

as about 0.2% by weight (based on the weight of the 35 and the tinctorial strength of the dye, the amount of dye 

solution) of benzotriazole or a few parts per million by in a dye bath can range from about 0.0001% to as much 

weight (based on the weight of the solution) of mercap- as about 3% by weight, based on the weight of the dye 

tobenzothiazole. A composition of the present inven- bath solution. 

tion that comprises about 10% by weight gluconic acid The following non-limiting Examples 1-14 illustrate 

can generally be inhibited against corrosion of iron by a 40 the preparation of compositions of the present inven- 

few parts per million by weight of copper sulfate (based tion. Example 15 is a comparative Example. Unless 

on the weight of the solution) in conjunction with about indicated otherwise, the materials used in the Examples 

0.5% by weight (based on the weight of the solution) of were technical grade, 
benzotriazole. 

For ink jet inks, a small amount of humectant (e.g., on 45 EXAMPLES 

the order of about 1 to about 2%), such as ethylene EXAMPLE 1 

glycol, diethylene glycol, other glycols, sorbitol, glyc- _ , , . , . ,. 

erin, and the like is generally added in order to maintain , Several acmeou ? ^ utlons were P re ? ar ? d b \ d,s " 

or prevent drying out of the ink, whereas with pen inks » lvm S a dye or dye base in a water miscible solvent 

the humectant content is generally on the order of about 50 methanol), adding a hydroxycarboxylic acid, 

15 to about 30%. warming the mixture and then diluting with water. The 

A general procedure for preparing water soluble amount of water used to dUute the mixture was depen- 

versions of insoluble nigrosines, indulines or basic dyes detlt u P on ±e intended use (e.g., dye bath, ink jet ink, 

is to add the dye or dye base (generally, use of the dye newspaper ink, or writing instrument ink). In all cases, 

base is preferable in order to avoid the presence of 55 however, at least 50 ml of water was used. In some 

chloride ion which would enhance the tendency of the cases > a mordant was added to the methanol before 

solution to cause corrosion) to a water miscible solvent, adding the hydroxycarboxylic acid solution. The 

add an agent or agents that serve(s) as a mordant (e.g., amounts of materials used, other than water, are shown 

tannic acid), if required, and then add an appropriate hi Table I. 

amount of hydroxycarboxylic acid, as discussed above. 60 Using this method, the following dyes have been 

The hydroxycarboxylic acid may be added as a solid or solubilized: 

it may be added as an aqueous solution. Preferably, the (a) roseinduline, a rose colored dye prepared by re- 

hydroxycarboxylic acid is added as a solution that is acting phenylazo-l-naphthylamine with 1-naph- 

50% by weight hydroxycarboxylic acid. Such solutions thylamine, aniline, or a mixture of aniline and 1- 

where the hydroxycarboxylic acid is gluconic acid are 65 naphthylamine. This dye has the same structure as 

commercially available. The weight of water miscible CI. Number 50370, but is not sulfonated, 

solvent usually is at least twice the weight of the dye (b) a brilliant violet dye prepared by reacting 4-(or- 

and preferably is about 5 to about 10 times the weight of thochlorazo)orthochloroaniline with ortho- 
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chloroaniline at 180° C. This dye is not listed in the 
Color Index. 

(c) a green dye prepared by reacting trichlorotoluene 
with diphenylamine in the presence of zinc chlo- 



10 

EXAMPLES 3-6 
Substitute 50 grams Auramine O, 50 grams Rhoda- 
mine B, 50 grams Basic Blue 1, or 50 grams Victoria 



ride (CI. Number 42125 is prepared by sulfonating 5 Pure Blue BO for the Crystal Violet, in orderto prepare 

(d) 95 Neptune Blue Base NB652, obtained from 
BASF Wyandotte, Parsippany, N.J. (C.I. Number 
42760, Solvent Blue 23), which may be made by 



reacting aniline with rosaniline in the presence of 10 
benzoic acid at about 200° C; 
(e) a purple dye prepared by reacting pararosaniline 
with aniline in the presence of benzoic acid (CI. 
Number 42795 is prepared by sulfonating this dye); 



respectively yellow, magenta, blue-green, and pure blue 
dyes. These materials can be mixed to form various 
shadings. 

EXAMPLE 7 
In order to prepare an ink for a writing instrument, 
two grams of Crystal Violet were added to 10 grams of 
dimethylformamide and 10 grams of triethylene glycol, 
with stirring. With continued stirring, 2 grams of ta 



(f) Spirit Fast Violet R (C.I. Number 45185) prepared 15 acid were then added, followed by 20 grams of a 50% 
by condensing orthotoluidine with 3,6-dichlorofu- aqueous solution of gluconic acid. The resulting solu- 
ran in the presence of zinc chloride; and tion was then diluted with 60 grams of water and 0.2 

(g) Violamine3G Spirit Soluble (C.I. Number 45195), gram of benzotriazole and 5xl0~ 3 gram of copper 
• • " - ~ r -■ sulfate were then added. 



EXAMPLES 8-10 
Substitute the following amounts of dyes and 
amounts of tannic acid for the Crystal Violet and tannic 
acid in Example 7 to obtain beautiful red, blue and green 



a violet dye prepared by condensing 2,6-xylidine 
with 3,6-dichlorofuran in the presence of zinc chlo- 20 
ride. 

Solvent Blue 23 exhibits good lightfastness and will 
not stain wool when used to dye wool polyacrylonitrile 
blends. Generally, I have found that the anilino type 

derivatives described above not only exhibit at least as 25 inks in Examples 8, 9 and 10, respectively: 
brilliant a shade as the more common basic dye but also 
exhibit greater light fastness than the basic dye. For 
example, the anilino, orthotoluidino and 2,6-xylidino 
derivatives of Rhodamine B generally exhibit light fast- 
ness at least 2 AATCC (American Association Of Tex- 30 
tile Colorists And Chemists) scale ratings beyond that 
of the parent basic dye on cotton. 

TABLE I 



EXAMPLE DYE 



TANNIC ACID 



2 grams Victoria Pure 
Blue BO; 0.5 gram 
Crystal Violet 







HYDROCARBOXYLIC 


TEMPERATURE 


TIME OF 




DYE OR DYE BASE 


SOLVENT 




OF SOLUTION 


REACTION 


MORDANT 


1. 10 grains of 


50 ml 


10 ml of 50% 


25' C 




None 


nigrosine base 3 


methanol 


aqueous solution 
of gluconic acid" 








2. S grams of 
Malachite 


100 ml 
methanol 


10 ml of 50% 
aqueous solution 


40' C 




10 grams of 
tannic acid d 


Green base* 




of gluconic acid e 






10 grams of 
tannic acid* 


3. 5 grams of 


100 ml 


10 ml of 50% 


40* C. 




Baso Red, NB 546 c 


methanol 


aqueous solution 








of gluconic acid c 








4. 5 grams of 


100 ml 


10 ml of 50% 


25' C. 




None 


Neptune Blue 












base, NB 652* 




ofgtoconicacM* 






None 


5. 10 grams of 
nigrosine base" 


100 ml 
methanol 


10 grains of 
acid y-lactone'' 


25° C. 





ral Corp., Newark, New Jersey 



i)s Inc., Dayton, Ohio 



EXAMPLE 2 55 
50 grams of Crystal Violet from Dye Specialties In- 
corporated, Secaucus, N.J., were added to 500 ml of 
methanol, with stirring. Thereafter, 50 grams of tannic 
acid (obtained from Mallinkrodt, Inc., St. Louis, Mo.) 
and 100 ml of a 50% aqueous solution of gluconic acid 60 
(solution obtained from Gem City Chemicals Inc. Day- 
ton, Ohio) were added, with stirring. This mixture was 
diluted with a 10% aqueous solution of gluconic acid to 
give a dye bath that dyes cotton or silk in beautiful 
purple shades. The amount of dilution may be varied 65 
depending upon the desired depth of shade on the dyed 
fabric. This dye bath is suitable for dyeing cellulosic 
materials, silks, and polyacrylonitriles. 



EXAMPLE 11 
10 grams of nigrosine base (obtained from Orient 
Chemical Corp.) were slurried with 40 milliliters of 
methanol. To this mixture, a 50% solution of gluconic 
acid (solution from Gem City Chemicals Inc.) was 
added. Very shortly thereafter, the dye became totally 
soluble upon dilution with 450 ml of water and could be 
passed through a 0.7 micron filter. The resulting solu- 
tion was used to dye silk, cotton, linen, jute and acrylo- 
nitrile and gave substantive dyes that after drying 
would not bleed off. 
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(b) about 0.0001 to about 60 parts by weight of a 

EXAMPLE 12 water miscible solvent; and 

A dyestuff made according to the method of Example (c) about 0.0001 to about 60 parts by weight of a 

11 was diluted with water so that the bath contained hydroxycarboxylic acid having at least three hy- 
approximately 1% nigrosine. A textile dipped for one 5 droxy groups and not more than six hydroxy 
minute in the bath and dried at room temperature was groups. 

dyed completely substantively in a beautiful gray/black 2. A dye according to claim 1, wherein the hydrox- 

color. The weakly acidic bath appeared to have no ycarboxylic acid is gluconic acid, 

harmful effects upon the fabric. 3. An ink or dye bath comprising an aqueous solution 

CYAUm _ ., 10 that comprises: 

EXAMPLE 13 (a) abQUt aoool to abQut 15 p arts by weight of a 

In order to prepare an ink jet ink, 10 grams of nigro- solubilized water insoluble nigrosine dye, induline 

sine base (obtained from Orient Chemical Corp.) were dye or basic dye; 

dissolved in 60 grams of ethylene glycol with the aid of (b) about 0.0001 to about 60 parts by weight of a 

12 grams of a solution of 50% by weight gluconic acid 15 water miscible solvent; 

in water and 1 gram of benzotriazole. The resulting (c) about 0.0001 to about 60 parts by weight of a 

solution was diluted with 440 grams of water and fil- hydroxycarboxylic acid having at least three hy- 

tered. This system, though completely soluble and com- droxy groups and not more than six hydroxy 

patible with an ink jet printer, imparted a permanent groups; and 

black OCR scannable mark to cellulosic and clay 20 (d) about 25 to about 100 parts by weight of water, 

coated paper substrates. 4. An ink or dye bath according to claim 3, wherein 

the hydroxycarboxylic acid is gluconic acid. 

EXAMPLE 14 5 An jjjjj Qr dye bath accort ii n g t0 c iai m 3, wherein 

A writing instrument ink was made by dissolving 6 the weight ratio of said hydroxycarboxylic acid to said 

grams of nigrosine base (obtained from Orient Chemical 25 water insoluble nigrosine dye, induline dye or basic dye 

Corp.) along with 5xl0~ 3 gram of copper and 0.2 is in the range of about 4 to 1 to about 0.5 to 1. 

gram of benzotriazole in a solution of 10 grams of di- 6. A ink or dye bath according to claim 5, wherein 

methylformamide and 10 grams of triethylene glycol said ratio is about 1 to 1. 

with the aid of 7.2 grams of a 50% by weight solution of 7. An ink or dye bath according to claim 3, said ink or 

gluconic acid in water to form an ink that gives a per- 30 dye bath comprising 

manent intense black mark upon writing papers when (a) a water insoluble nigrosine dye, induline dye or 

used with rolling writer or fiber tip pens. basic dye; 

py.wp, P1 , (b) a water miscible solvent; 

EXAMPLE 15 (c) a hydroxycarboxylic acid having at least three 

In" order to evaluate the suitability of organic acids 35 hydroxy groups; 

for solubilizing dyes in the presence of tannic acid, I (d) a mordant; and 

have taken one part by weight of a dye, and mixed the (e) water. 

dye with two parts by weight of tannic acid in five parts 8. An ink or dye bath according to claim 7, wherein 

by weight of methanol. I then added three parts by the mordant is selected from the group consisting of 

weight of an organic acid. After gentle warming for a 40 tannic acid and gallic acid. 

few minutes, I then diluted the mixture with 200 parts 9. An ink or dye bath according to claim 7, wherein 

by weight of water. This procedure was followed for the hydroxycarboxylic acid is gluconic acid. 

each of the following dyes: Rhodamine B, Auramine O, 10. An ink or dye bath according to claim 7, said ink 

Basic Blue I, Crystal Violet, Victoria Pure Blue BO, or dye bath also comprising a humectant. 

Victoria Blue R, Victoria Blue B, Basic Blue 3, Mala- 45 11. An ink or dye bath according to claim 7, said ink 

chite Green, Methyl Violet, Ethyl Violet, Basic Yellow or dye bath also comprising at least one corrosion inhib- 

11, Basic Yellow 28, nigrosine and induline. The suit- itor. 

ability of each of the following acids was evaluated as 12. An ink or dye bath according to claim 7, wherein 

described above: acetic, citric, tartaric, formic, maleic, the weight ratio of said hydroxycarboxylic acid to said 

glycollic, and lactic acid. 50 water insoluble nigrosine- dye, induline dye or basic dye 

With the exception of the methanol solutions of tan- is in the range of about 4 to 1 to about 0.5 to 1. 

nic acid and Victoria Blue B, nigrosine or induline, 13. An ink or dye bath according to claim 12, wherein 

which formed precipitates -immediately upon the addi- said ratio is about 1 to 1. 

tion of most of the foregoing organic acids, the dye-tan- 14. An ink or dye bath according to claim 7, said ink 

nic acid mixtures appeared to be soluble in organic acids 55 or dye bath also comprising about 0.0001 to about 30 

and did not precipitate when the solution was diluted parts by weight of a mordant. 

with water. However, after a period of time ranging 15. An ink or dye bath according to claim 14, wherein 

from a few minutes to a day or two, precipitation was the mordant is selected from the group consisting tannic 

observed. acid and gallic acid. 

I claim: 60 16. An ink or dye bath according to claim 15, wherein 

1. A dye comprising the hydroxycarboxylic acid is gluconic acid, 

(a) about 0.0001 to about 15 parts by weight of a 17. An ink or dye bath according to claim 14, wherein 

solubilized water insoluble nigrosine dye, induline the hydroxycarboxylic acid is gluconic acid, 

dye or basic dye; . . * * * * s 
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[57] ABSTRACT 

An aqueous alkaline solution containing an organic 

tannin is used to clean a tin surface. The composition is 

particularly useful for cleaning tin surfaces because the 

presence of the tannin inhibits etching of the tin surface 

which normally occurs under alkaline conditions. 
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1 2 

ployed to clean a tin surface will not cause undue etch- 

METHOD FOR CLEANING TIN SURFACES ing. 

BACKGROUND OF THE INVENTION SUMMARY OF THE INVENTION 

This invention relates to the art of cleaning a sub- 5 It has now been discovered that the inclusion of an 
strate surface. In particular, it relates to the art of clean- organic tannin component in an aqueous alkaline clean- 
ing, without at the same time etching, a tin surface. big composition wDl inhibit etching of a tin surface by 
Even more particularly, it relates to the art of cleaning the alkaline cleaner. Thus, the cleaner of the present 
tin-plated surfaces, such as tin cans which have been invention has the advantage that it may be used to clean 
previously subjected to cold forming operations during 10 a variety of surfaces either simultaneously or sequen- 
which organic lubricants are applied to the tin surface tially without recessitating resort to a special separate 
as drawing aids. cleaner when it is desired to clean a tin surface. 

Cleaning is essential as a preliminary to many surface . „ 

finishing operations. Cleaning is normally required, for DETAILED D^CMFTION OF THE 

example, prior to corrosion preventive treatments and 15 INVENTION 

prior to the application of organic finishes to the sur- fhe cleaner of the present invention is an alkaline 

face. Cleaning is especially important in the case of aqueous composition. One or more surfactants will 

metal surfaces to which organic materials have been normally be employed to further the cleaning ability of 

recently applied as an aid to cold forming, which mate- the c i eaner and an organic tannin component is in- 

rials must then be removed in order to obtain a surface 20 c i uded to inhibit etching of tin surfaces. 

suitably receptive to an organic finish. ^ specific alkaline component employed in the 

One example of the need for such a cleaner is in the c i eanm g composition is not critical. Any compounds 

manufacture of two piece, tin-plate, drawn and ironed norma n y employed to provide alkalinity in an aqueous 

cans. In the manufacture of tin-plate cans, circular cIeaner are suitable. Examples include the alkali metal 

blanks of tin-plated steel are first cupped and then 25 carbonates, phosphates, hydroxides, oxides and 

passed through several drawing dies to iron the cup m sUicateS- components should be present in the 

order to form a unitary side wall and can bottom struc- solution fa concent rations sufficient to provide a cleaner 

ture. These forming operations are assisted and the dies 0 f the desired pH 

and metallic surface protected by the application of ^ chemistry ' of organic tannins is not completely 
lubricants to the tin-plate surface prior to or during the 30 understood _ ^ mc mchlde natural ex- 
forming operation. Since it is desired to have a clean ^ ^ thetic mate rials. Extracts include a large 
surface in order to assure adhesion of a subsequently x ^ ounds 
applied sanitary acquer and/or decorat, vam'sh the ^ ^^J^ v( | etable ^ gdom _ 
cleaning step after forming is critical to a successful ^ ^ ^ common of precipitating gelatin 
manufacturing process. *> solutions and of combining with collagen and 

Chen, Inc. (London) 65:101 (1946). The Kerr article 40 them certain sugars. (It is not : known J^r these 

refers to alkaline aqueous composition for tin-plate sugars are an integral part of the structure.) For a dis- 

cSaning containing sodium dichromate, trisodium cussion of tannins, sec ■Encychpedta ofChetmcalTech- 

nhosohate and sodium hydroxide 2nd ed,t,on ' KrA-Othmer, XII (1967) pages 

'ffiti^ilers have centered 303-341 and The Chemistry and Technology of Leather. 

around an attempt to obtain a cleaner which will pro- 45 Remhold Pubhslung Corporation, New York, pages 

vide a waterbreak-free surface without unduly etching 98-220 (1958). 

the surface. Etching results from chemical attack of the Tannins are generally characterized as polyphenohc 

tin surface which roughens and dulls the surface. Alka- substances ihaving molecular weighte of from about 400 

line cleaners have been found most suitable for produc- to about 3fm They may be classified as •^ydrolyzaW 

ing the desired clean surface, but have been less than 50 or "condensed" depending upon whether he product 

desirable because of their tendency to etch the surface. of hydrolysis in boiling mineral acid is soluble or insolu- 

Where a smooth, shiny surface is desired such as in the ble, respectively. Often extracts are mixed and contain 

case of a beverage can, etching is clearly undesirable. both hydrolyzable and condensed forms. No two tannin 

Furthermore, etching removes a portion of the corro- extracts are exactly alike. Principal sources of tannin 

sion protective tin from the surface thereby degrading 55 extracts include bark such as wattle, mangrove, oak, 

the anti-corrosion qualities of the surface. It has previ- eucalyptus, hemlock, pine larch, and willow; woods 

ously been discovered that the presence of hexavalent such as quebracho, chestnut, oak and urunday, cutch 

chromium compounds in the cleaning solution will help and turkish; fruits such as myrobalans, valonia, divi- 

to inhibit etching of the tin surface under the alkaline divi, tera, and algarrobilla; leaves such as sumac and 

conditions employed. The use of chromium compounds 60 gambier; and roots such as canaigre and palmetto, 

is undesirable however because they are environmen- The term "organic tannins" is employed to distin- 

tally objectionable in plant effluents and because they guish natural extract and synthetic organic tannins such 

are highly toxic and therefore of concern when used in as those listed in the previous paragraph from the min- 

connection with the processing of food containers such eral tanning materials such as those containing chro- 

as beverage cans. 65 mium, zirconium and the like. Experimental work has 

It would therefore be desirable to have available an shown that hydrolyzable, condensed, and mixed variet- 

alkaline aqueous cleaning composition which could be ies of organic tannins may all be suitably used in the 

used to clean substrate surfaces, but which when em- present invention. 
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The concentration of the organic tannin in th 
cleaner must be of at least such minimum amount as t< 
inhibit etching of a tin surface. The precise minimum 
concentration required will depend to some extent upon 
the temperature and pH of the particular cleaner em- : 
ployed. Normally, a concentration of at least 0.01% or 
greater will be required. Concentrations as high as the 
solubility limit of the solution may be employed, but 
should not be required. 

Examples of tannins which may be employed in the 10 ? 
present invention are listed in Table I. The preferred 
tannins are myrobalan, wattle, tannic acid, quebracho, 
and chestnut extract. 

An added advantage of the presence of tannin is that 
corrosion resistance as measured by ASTM Salt Spray 15 Drawn and ironed tin-plate can bodies were spray 
and Humidity tests is improved over that obtained with cleaned with an aqueous solution containing: 
the same cleaner without the tannin. 

The temperature and pH of the cleaning solution are component wt~% 

interrelated. Increased temperatures as well as in- mponen — i-i — 

creased pH values tend to improve the cleaning rate of 2 o XfjS? 3 °il 

the cleaner. Whereas a temperature of 125° F might be 
suitable at a pH value of 12.5, a temperature of 150° F 
may be required to obtain the same results at a pH of 
10.3. In general, the pH of the cleaner should be at least 
9.0 and is preferably between 10 and 13. Most prefera- 2 s The pH value of the cleaner was 12.5 and the temper- 
bly the pH of the cleaner is between 10 and 10.5. The ature was 125° F. The cans were waterbreak-free after 
presence of the organic tannin inhibits etch even at high 1.5 minutes, but exhibited no etch even after 3 minutes 
pH values, but it has been found that the higher pH contact, 
values tend to gradually inactivate the tannin necessitat- 
ing more frequent additives. Accordingly, the lower pH jq EXAMPLE 1 A 
values in the alkaline range are preferred because they Cleaning as in Example 1 at a temperature of 140° F 
favor stability of the tannin. Thus, temperatures of 140° resuIte d in unetched waterbreak-free cans after one 
F and upwards will normally be employed when the minute 
cleaner is adjusted to the preferred pH range. 

The temperature employed will normally be a func- 35 EXAMPLE IB 

tion of the selected P H value of the cleaner. Tempera- Cleaning as in Example 1 with a myrobalan content 
tures of from 100° to 180 F may be suitable with tern- ^rnmsv ™L7T™» ,w lltlrZZZltT'Tl 
peratures in excess of 140° F being desirable for the °{ 0025% f es » lted m etched waterbreak-free cans 
preferred pH range. after one mauite. 

The presence of one or more surfactant compounds EXAMPLE 1C 

in an alkaline aqueous cleaner solution often acts as an 



which is a polyethylene glycol ether of a linear alcohol; 
Pluronic 3I-R-1 manufactured by BASF Wyandotte 
Corp. which is a condensate of propylene oxide, ethyl- 
ene oxide and ethylene glycol; and Tergitol 08 manufac- 
5 tured by Union Carbide Corp. which is a sodium sulfate 
derivative of 2-ethyl,l-hexanol. 

The cleaner of the invention is particularly suitable 
for cleaning tin-plate surfaces and also functions to 
ily clean the surfaces of other substrates and 
in particular other metal substrates such as steel and 



EXAMPLE 1 



Tannin (Myrobalan) 
Triton N101 
Pluronic 31-R-l 



aid to the cleaning power of the solution. The presence 
or absence of surfactants has been found to have no 
noticeable effect as far as 



The 



ing a pH value of 13.0. At 130° F 



1 were doubled giv- 



Tannic Acid 
Tannic Acid 
(NFX11) 
Tannic Acid 
(Tech. 3C) 
Tannic Acid 
(Tech. XXX) 
Tannic Acid 

Chestnut Extract 
Spray Dried Chestnut 
Bisulfited Quebracho 



5 EXAMPLE ID 

Cleaning as in Example 1 with 0.025% Wattle substi- 
tuted as the tannin resulted in unetched waterbreak-free 



The Harshaw Chemical Co. 



The Harshaw Chemical Co. 



_ e 1A with 0.05% of Tergitol 08 
substituted for the two surfactants resulted in unetched 
waterbreak-free tin cans after 2 minutes. Many other 



Arthur C. Trask Corp. 

Arthur C. Trask Corp. 

Arthur C. Trask Corp. 
Arthur C. Trask Corp. 
Arthur C. Trask Corp. 



EXAMPLE IF 
To simulate a used cleaning bath, 0.01% of Quakerol 
539, a water emulsitiable lubricant commonly employed 
60 in can forming, was added to the cleaner of Example 1. 
Unetched waterbreak-free tin cans were obtained at 
140° F after 1.5nunutes. 



COMPARATIVE EXAMPLE 1 



inhibiting or promoting the etching of a tin surface by 
the 1 cleaner. If desired, any surfactant known to be use- 
ful for alkaline aqueous cleaners may be employed in 
the cleaner of the present invention. Specific examples 65 Example 1 was repeated, but the tannin was omitted 
include Triton N101 manufactured by Rohm & Haas from the cleaner. After only 1 minute at 125° F the tin 
Co. which is a nonyl phenoxy polyethoxy ethonol; surface had been visibly attacked and was frosted in 
Tergitol 15-S-9 manufactured by Union Carbide Corp. appearance. 



5 
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EXAMPLE 2 
An aqueous cleaner was prepared to contain: 



Tannin (Myrobalan) 
Tergitol 15-S-9 
Triton N101 
Pluronic 31-R-l 



0.016 
0.010 
0.026 



At a pH of 12.4 and a temperature of 125° F, un- 
etched waterbreak-free tin cans were obtained after 2 j 
minute spray. 



At a pH of 12.5, unetched, waterbreak-free tin cans 
> were obtained at 130° F after 1.5 minutes. No etching 
was observed even after 3 minutes. 

EXAMPLE 5 
An aqueous cleaner was prepared to contain: 



EXAMPLE 3 

s prepared to contain: 



Component wt. % 


Tannin (Wattle) 
Triton N101 


0.033 
0.066 
0.033 


Pluronic 31-R-l 
Potassium Phosphate 


to pH 10.3 



in (Tannic Acid) 
Tergitol 15-S-9 
Triton N101 



At a pH of 1 1.8, unetched, waterbreak-free tin cans 
were obtained after 1 minute spray at temperatures of 
130" to 150° F. 30 

EXAMPLE 3A 
Example 3 was repeated with 0.026% Quebracho 
substitute for the tannin. At a pH of 12.1, unetched 
waterbreak-free tin cans were obtained after 1 minute 35 
" spray at temperatures of 130° to 140° F. 

EXAMPLE 4 



An aqueous cleaner was prepared to contain: 



At a temperature of 150° F, unetched waterbreak-free 
tin cans were obtained after 1 minute. 
What is claimed is: 

1. A process for cleaning a tin surface without sub- 
stantial etching thereof comprising contacting the sur- 
face with an aqueous alkaline solution having a pH 
value of at least 9.0 and containing an organic tannin in 
an amount sufficient to inhibit etching of the surface. 

2. The process of claim 1 wherein the tannin concen- 
tration of the solution is at least 0.01 wt.%. 

3. The process of claim 1 wherein the solution is 
maintained at a temperature of 100° to 180° F. 

4. The process of claim 1 wherein the solution pH 
value is between 10 and 13. 

5. The process of claim 1 wherein the solution addi- 
tionally contains a surfactant in an amount sufficient to 
improve the cleaning ability of the solution. 



40 
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ABSTRACT 



The invention is directed to a method and composition for 
treating carpet yam and carpet to thereby enhance its repel- 
lency, and preferably to enhance its stain resistance as well. 
In one aspect of the invention, the method includes the steps 
of providing a carpet yarn comprising polymeric fibers. An 
anionic or nonionic fluorochemical compound is provided in 
an aqueous medium, the aqueous medium having a pH 
below about 3.5. The carpet yam is immersed in the aqueous 
medium. The carpet yam and aqueous medium are heated 
after which excess water is removed from the carpet yam. 
The aqueous medium preferably also includes an anionic 
binding compound that acts to impart si 
yam. 

67 Claims, No Drawings 
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METHOD AND COMPOSITION FOR 
INCREASING REPELLENCY ON CARPET 
AND CARPET YARN 

BACKGROUND OF THE INVENTION 

The present invention relates to the field of carpet manu- 
facture, and more particularly relates to methods of treating 
carpet or carpet yam to enhance its repellency and, prefer- 
ably, to enhance its stain resistance also. 



In the last two decades, there has been considerable 
interest in developing treatments for carpet fibers, particu- 
larly nylon carpet fibers, to enhance repellency and stain 
resistance. For example, it is now a common practice to 
topically apply a compound from the class known as fluo- 15 
rochemicals. The object of applying such fiuorochemicals is 
to reduce the tendency of soil, oil and/or water to adhere to 
the carpet fibers. In addition to soil, the fiuorochemicals can 
also reduce the tendency of oil and/or water to adhere to the 
carpet fibers. It is also a common practice to apply a stain 20 
resist compound to nylon carpet to make the nylon carpet 
fibers resistant to staining, particularly by anionic or "acid" 
dyes. The mechanism for stain resist compounds is believed 
to involve blocking of the dye sites on the nylon polymer. 

The fiuorochemicals include a fluorinated component, 25 
typically a perfluoroalkyl chain, and a nonfluorinated back- 
bone. The nonfluorinated backbone can take : 



In accordance with another aspect of the invention, the 
aqueous medium further comprises an anionic polymer 
binding compound, such as a polymer of methacrylic acid. 
In accordance with yet another aspect, the invention is a 
5 composition for treating carpet to enhance its repellency and 
stain resistance which includes an aqueous medium, a repel- 
lency compound comprising a fluorochemical, and an 
anionic polymer stain resist compound. 
One advantage of the preferred embodiment of the present 
10 invention is that it provides a more efficient method of 



applying fluorochemical and stain resist compound. In par- 
ticular, since both fluorochemical and stain resist compound 
are applied in a single bath, the processing, energy and 
equipment costs are greatly reduced. 

Another advantage of the preferred embodiment of the 
invention is that, as will be shown below, superior repellency 
results are achieved through the simultaneous application. It 
is believed that one reason for this improvement is that the 
present invention provides better penetration of the fluoro- 
chemical into the carpet yam than is achieved through a 
topical application. 

As used herein, the term repellency is intended to have a 
relatively broad meaning, referring to a reduced tendency for 
soil, oil and/or water to adhere to the carpet fibers. 

As used herein, the term stain resistance is also intended 
to have a relatively broad meaning, referring to a reduced 
tendency of the carpet fibers to be stained by acid dyes 
and/or disperse dyes. 

When percentages are given, unless otherwise indicated, 
they are intended to refer to percentages by weight solids 
based on the total weight of the aqueous dispersion. 
The present invention, together with attendant objects and 
will be best understood with reference to the 



configurations. The important feature of the backbone is that 
it is capable of forming durable film on the surface of the 
carpet fiber. 

As to the mechanism of soil repellency, it is believed that 
the attraction between nonpolar soil and the fiber surface is 
governed by London dispersion forces. Applying fiuoro- 
chemicals to the surface is thus believed to be effective 35 advantages, win oe nest u 
because the polarizability of perfluoroalkyl chains is lower detailed description below, 
than that of the hydrocarbons, amines, or carbonyls other- 
wise found on the surface of a nylon carpet fiber. 

Generally fiuorochemicals are topically applied to carpet. 
One method is to form an aqueous dispersion of the fluo- 40 tK .^17„,!l£„„T!^ 
rochemical and then spray that dispersion on the top face of ^ P resent m . ventlon - Prcferabl y> * e method ? used 
the carpet. Another method is to make an aqueous based 
foam containing the fluorochemical and then apply the foam 
to the top face of the carpet. Heat is usually applied to drive 
off excess water and to fix the fluorochemical to the carpet 45 
fibers. 

Typically, stain resist compounds are applied to carpet 
from a bath after the dyeing step, but before drying. At least 
one system is commercially available wherein a fluoro- 



carpet, namely carpet yam tufted into a backing material. 
Alternatively, the carpet yam can be treated according to the 
method before it is tufted into carpet. 

Typically, the carpet yam will be made from an extruded 
synthetic polymer, such as nylon, polyester or polypropy- 
lene. Alternatively, the carpet yam can be made from a 
natural fiber, such as wool or cotton. Preferably, the carpet 
yam is made from extruded fibers of nylon 6, nylon 6,6, 



chemical and stain resist compound are topically applied in 50 P 0 ^ 8 "* f d Polypropylene In the aspect of the 

uicuuuu aim suaii icaiaL ^myumiu <uc u^iwmjr ayy c ^ & repellency wd a stam res , st compoun d 



a foam. In particular, the FX-1367F fluorochemical compo- 
sition and the FX-668F stain resist composition, both from 
3M Specialty Chemicals Division, are recommended to be 
topically co-applied in a foam. The pH of the combined 
foam is about 4. i 

SUMMARY OF THE INVENTION 
n accordance with one aspect, the invention is a method 



simultaneously applied, the carpet yam is most preferably 
made from either nylon 6 or nylon 6,6. In another aspect of 
the invention, the yam is preferably made from polypropy- 
lene. The present invention has been found to be particularly 
advantageous in treating polypropylene carpet in that it 
provides a cost-effective way of increasing the repellency of 
polypropylene. 
The extruded fibers can be made into yam by various 



of treating carpet yam to enhance its repellency which 60 Jjf^Most preferably, the nylon yamkabulk 
includes providing a carpet yam made from polymeric fibers 
and providing in an aqueous medium with apH below about 
3.5 and a repellency compound comprising an anionic or 
nonionic fluorochemical. The carpet yam is contacted with 
this aqueous medium. The carpet yam and aqueous medium 6 
are preferably heated, after which excess water is removed 
from the carpet. 



filament yam which is heat set by conventional means, such 
as the Superba or the Suessen method. Alternatively, the 
yam can be a staple spun yam. Also, it is preferred that the 
yam is not pre-treated with a fluorochemical by the yam 



As noted above, it is preferred that the carpet yam has 
already been tufted by conventional means into a carpet 
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Currently, the second most preferred anionic polymer 
binding compound is a polymer of methacrylic acid desig- 
nated XP-4-49 which is made according to the procedure 
described in the examples below. Preferably, the XP-4-49 is 
it is preferred to complete that dye treatment before treating 5 mixed with a lesser amount of a phenolic type sf 



; before being treated by the present invention. 
Neither the stitch pattern nor the density appear to be critical 
to the practice of the invention. Also, if the carpet is to 
receive a dye treatment, such as application of an acid dye, 



it by the present invention. 
The invention employs an aqueous m 



fluorochemical compound. The fluorochemical compound 
can be an anionic or nonionic fluorochemical. Also, the 
fluorochemical can be either the telomer type or the elec- 
trochemically fluorinated fluorochemical referred to above. 
Several commercially available fluorochemical compounds 
have been shown to work in the method of the present 
invention. Suitable fluorochemical compounds include the 
following: FX-1367F and FX-1355 both from 3M Specialty 
Chemicals Division, NRD-372 from DuPont Flooring Sys- 
tems, TG-232D from Advanced Polymers, Inc., and Nuva 
3555 from Hoechst Celanese. All of these commercially 
available fluorochemical compositions have been success- 
fully applied through the method of the present invention. 
Currently, the NRD-372 from DuPont is most preferred. 

The level of fluorochemical in the medium will be set so 
as to produce the desired level on the carpet yam. Preferably, 
the fluorochemical is present between about 0.0035 and 
about 0.175 percent solids of the medium. More preferably, 
the fluorochemical is present at between about 0.015 and 25 principal ingredient, 
about 0.080 percent, most preferably, about 0.02 percent 

An important feature of the aqueous dispersion is that it 
has a pH of below about 3.5 when the carpet yarn or carpet 
is immersed in it. This pH is lower than the pH of conven- 
tional fluorochemical compositions applied to carpets. Nev- 
ertheless, is believed that the lower pH helps drive the 
fluorochemical out of solution and onto the carpet yarn 
fibers. Preferably, the pH of the dispersion is above about 1 .0 
and below about 3.5, more preferably, between about 1 .5 and 
about 1.8. 

This pH can be obtained by adding the appropriate 
amount of an acid, such as urea sulfate or sulfamic acid, to 
the aqueous dispersion. 



compound sold by Sybron Chemicals, Inc. the designation 
"Tanatex Stainfree." The preferred ratio of XP-4-49 to 
Tanatex is about 18:1 based on solids. This particular 
mixture is designated XP-4-50 in the examples below and is 
the second most preferred anionic polymer binding/stain 
resist compound to use in the method of the present inven- 
tion. 

Other anionic polymer binding/stain resist compounds 
have also been shown to work well. The following compo- 
sitions from 3M Specialty Chemicals Division have worked 
well: FX-369, FX-668F, FX-661 , and FX-657. The principal 
ingredient of FX-369 is believed to be a phenolic resin. All 
of the other 3M stain resist compositions are believed to 
comprise a methacrylic acid polymer or copolymer and to be 
described in either U.S. Pat Nos. 4,937,123; 4,822,373 or 
both. 

The composition sold by DuPont Flooring Systems as 
"SR 300" has also shown good results in the invention. SR 
proprietary composition with a phenolic resin as the 



Preferably, the aqueous dispersion also includes an ^ 0.5 and about 1 percent. 



In addition to the Leukotan 1028 referred to above, other 
Leukotan compounds from Rohm & Haas have shown 
promise, namely 1027, 970 and 1084. With the exception of 
the Leukotan 1084, the Leukotans are all polymers and 
copolymers of methacrylic acid of varying molecular 
weights. Although these compounds are generally sold to the 
tanning industry, U.S. Pat No. 4,937,1 23 refers to this group 
as having stain resist properties when applied to nylon carpet 
fibers. Leukotan 1084 is believed to be a polymer of acrylic 
acid. 

Preferably, the anionic binding/stain resist compound is 
present in the aqueous medium at a level between about 0.05 
and about 2.5 percent solids, more preferably between about 



Preferably, the aqueous medium is made up by the fol- 
lowing procedure. Typically, the fluorochemical and stain 
resist compounds are provided by the manufacturer in a 
concentrated aqueous dispersion. These concentrates can be 



anionic binding compound. More preferably, this anionic 
binding compound is one that also serves as a stain resist 
compound, although this function is not required. For 
example, when the carpet yam is made from polypropylene, 

there are no acid dye sites for the anionic binding polymer 45 simply added to the remaining water in a vessel and stirred 

j . ,. m : , , u < j .u„. i A TOOTa temperature. Because some of the fluorochemical 

and/or stain resist compositions are in emulsion form which 
can be sensitive to high shear, the stirring is preferably done 
at low shear. The pH is measured and the appropriate amount 



to block. Nevertheless, it has been found that the 
use of the anionic polymer binding compound has improved 
the performance of the fluorochemical compound on 
polypropylene carpet yam. While not wishing to be bound 



by any particular theory, it is currently believed that the 5Q of acid is added to bring the pH to the desired level. 



anionic polymer functions to hold the fluorochemical 
surface of the fiber. 

Several anionic polymer binding compounds that also 
function as stain resist compounds on nylon carpet yam have 
been found to work well 
preferred anionic polymer binder 



accordance with the invention, the carpet yam is 
immersed in the aqueous medium. Preferably, this is accom- 
plished by immersing carpet in a bath of the aqueous 
medium. Most preferably, the carpet is immersed by draw- 
The 5s ing it through a puddle of the medium in an apparatus such 
lpounds are polymers as that known in the industry as a "flex nip applicator." 



or copolymers of "methacrylic acid. Preferably, these poly- Alternatively, the carpet can be placed in a vessel containing 

mers or copolymers have a molecular weight range such that the aqueous medium. Still further, the aqueous medium can 

the lower 90 weight percent has a weight average molecular be sprayed or cascaded onto the carpet so as to immerse the 

weight in the range of about 2500 to 250,000 and a number 60 carpet 

average molecular weight in the range of 500 to 20,000. xhe amount of aqueous medium applied to the carpet is 

Currently, the most preferred anionic polymer binding preferably such that it will provide a ratio of carpet to 

compound is a polymethacrylic acid commercially available aqueous medium of at least about 0.5 to 1. A common 

from Rohm & Haas under the designation Leukotan 1028. expression for the amount of liquid applied to carpet is "wet 

The molecular weight of the lower 90 weight percent based 65 pick-up." By this expression, the preferred wet pick-up is at 

on weight average for Leukotan 1 028 is reported to be 9,460 least about 50 percent More preferably, the wet pick-up is 

and based on number average is reported to be 5,592. between about 50 percent and about 6000 percent, i.e. a ratio 
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of 0.5:1 to 60: 1. Most preferably, the wet pick-up is between 
about 200 and about 500%, i.e. a ratio of 2:1 to 5:1. The 
control of the wet pick-up level can be accomplished by 
conventional means, such as squeeze rollers and the like. 

Heating the aqueous dispersion in contact with the carpet 5 
yarn has been found to enhance the performance of the 
method of the present invention. As shown in the examples 
below, the heating step greatly shortens the time needed to 
get good exhaustion of the fluorochemical compound onto 
the carpet fiber. Thus, although not required, the heating step 1 0 
gready improves the efficiency of the method. While not 
wishing to be bound by any particular theory, it is currently 
believed that the heat treatment helps cure or fix the mol- 
ecules of fluorochemical to the carpet yam fibers. 

Preferably, this heating step is performed at between 15 
about 160 c F. and 260° F. for between 15 second and about 
60 minutes, more preferably between about 180° F. and 
about 220° F. for between about 30 seconds and about 8 
minutes. Most preferably, the heating step is accomplished 
by exposing the carpet with the aqueous medium to steam at 
ambient pressure, i.e. 212° F. for about 1.5 minutes. 

After the heating step, the carpet is preferably rinsed to 
remove excess chemicals. This rinsing can be done by 
conventional means. 25 

After rinsing, the excess water is preferably removed by 
conventional means, such as a Bock centrifuge. Typically, 
the water content after centrifuging will be about 20-30 
percent. 

After the excess water is removed, the carpet is preferably 30 
dried in a conventional oven. Typically, the carpet is dried at 
about 220° F. for between about 6 and about 8 minutes. 

EXAMPLES 3g 

The following examples are provided by way of expla- 
nation and illustration. As such, these examples are not to be 
viewed as limiting the scope of the invention as defined by 
the appended claims. 

40 

Ingredients and Materials 

Carpet Construction 

The pieces of carpet used in the following examples were 
made with the various face yarns as noted below: 45 

Where the example refers to a nylon 6 staple yam, this is 
a type 316 yam from Allied Signal. 

Where the example refers to a nylon 6 filament yarn, this 
is a type 1190 yam from Allied Signal. 

Where the example refers to a nylon 6,6 filament yam, so 
this is a Suessen set type 1150 yam from DuPont. 

Where the example refers to a nylon 6,6 staple yam, this 
is a type 1993 staple yam from Monsanto. 

Where the example refers to a polypropylene yam, this is 
a Type 1450 filament yam from Shaw Industries, Inc. 55 

Where the example refers to a PET filament yam, this is 
a type 1450 yam from Shaw Industries, Inc. 

Where the example refers to a PET carrierless staple yam, 
this is a type 837 yam from Hoechst Celanese Corp. 

Where the example refers to a PET carrier staple yam, this 60 
is a type 804 yam from Hoechst Celanese Corp. 

Where the example refers to a Superba set yam, this is a 
yam that has been heat set with saturated steam under 
pressure in a continuous heat setting unit. 

Where the example refers to a Suessen set yam, this is a 65 
yam that has been heat set with super heated steam under 
pressure in a continuous heat setting unit. 
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Each of these yams was tufted into a polypropylene 
backing material by conventional methods and apparatus. 

With the exception of examples 20a-20q which used 
full-width carpet on a production scale experiment, the 
carpet for the remaining examples was cut into 6"xl2" 
sample pieces. Each of these sample pieces were weighed so 
that accurate chemical add-on and/or liquor wet pick-UPS 
could be calculated. 
Fluorochemicals 

FX-1367F 

One of the fluorochemical compositions used in the 
examples below is that sold by 3M Specialty Chemicals 
Division under the designation "FX-1367F." This is a pro- 
prietary product with the principal ingredient being an 
electrochemically fluorinated type, anionic fluorochemical. 
FX-1367F is reported to be especially suited for application 
by foam to nylon, polyester, wool and acrylic carpets. The 
product obtained from 3M is an aqueous dispersion con- 
taining about 40-42% solids. 

NRD-372 

Another of the fluorochemical compositions used in the 
examples below is that sold by DuPont Flooring Systems 
under the designation "NRD-372." This is another propri- 
etary product with the principal ingredient being a telomer 
fluorochemical. The product obtained from DuPont is an 
aqueous dispersion containing about 15-35% solids. 

T232D 

Yet another fluorochemical composition used in the 
examples below is sold by Advanced Polymers, Inc. under 
the designation 'Texguard 232D" or 'TG-232D" for short. 
This is likewise a proprietary product described as a fluo- 
roalkyl acrylate copolymer emulsion. Although a solids 
percent is not reported for this product, when dried in an 
oven at 220° F., the remaining solids are about 27 percent of 
the original weight. 

Anionic Stain Resist/Binding Compounds 

The following anionic stain resist/binding compounds 
were used in the examples below. 

XP-4-49 and XP-4-50 

As noted above, the second most preferred stain resist 
compound to use in the present invention is a poly- 
methacrylic acid polymer referred to as XP-4-49 with small 
amount of "Stainfree" from Sybron. This combination is 
referred to as XP-4-50. 

A batch of XP-4-49 was made in a reaction vessel, 
equipped with a reflux condenser, heating, agitation, ther- 
mometer, and an inert gas blanket. To this vessel was added 
54 lbs of methacrylic acid, 452 lbs of water, and 1.0 lbs of 
NaOH. This was referred to as aqueous phase A. 

Monomer feed B was prepared by mixing 214 lbs of 
methacrylic acid, 303 lbs of water, 0.1 6 lbs of diallyl maleate 
and 2.2 lbs of NaOH. 

Two catalyst feeds were also prepared. Feed C consisted 
of 2.2 lbs potassium persulfate and 197 lbs of water. Feed D 
consisted of 2.2 lbs of sodium metabisulfite and 197 lbs of 
water. 

Mixture A was heated to a temperature of 85°-90° C. 
under a nitrogen blanket for 30 minutes. 1 .3 lbs of potassium 
persulfate and 1.3 lbs of sodium metabisulfite were added to 
initiate the reaction, resulting in a small exotherm of 3° to 5° 
C. Feeds B, C and D were then added to the reaction vessel 
over a one hour period with the temperature of the vessel 
maintained at 90° to 95° C. At the end of the addition period, 
the batch was held at a temperature of 90° to 95° C. for one 
hour. During this hour, 0.35 lbs of potassium persulfate, 0.35 
lbs of sodium metabisulfite and 2.2 lbs NaOH were added 
every 15 minutes for a total of 3 additions. 
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The resulting product, referred to as XP-4-49, was a 
slightly hazy, viscous liquid with 20.4% solids, a pH of 3.7 
and a viscosity of 4800 cps measured on a Brookfield 
Viscometer with a #2 spindle at room temperature. 

To make XP-4-50, 73.1 parts of XP-4-49, including the 5 
water in which it was made, are added to 24.5 parts water 
and 2.4 parts Sybron Stainfree. The solids content of the 
Sybron Stainfree is about 35%. Consequently, the preferred 
ratio of solids from the XP-4-49 polymer to the solids from 
the Stainfree is about 18 to 1. This mixture was a clear, 10 
viscous, amber liquid with a final viscosity of 68 cps. 

3M Stain Resist Compounds 

Several stain resist compounds from Minnesota Mining & 
Mfg. Co. were tested in the examples below. FX-389 is a 
proprietary stain resist compound from 3M with a principal 15 
ingredient being a phenolic resin. FX-888F and FX-661 are 
other proprietary stain resist compounds from 3M with a 
polymer of methacrylic acid as the principal ingredient. 
Finally, FX-657 is a proprietary stain resist compound from 
3M having a phenolic-methacrylic acid copolymer as the 20 
principal ingredient. 

Acrylic Acid and Methacrylic Acid Polymers from Rohm 
& Haas 

The following acrylic and methacrylic acid based poly- 
mers were all obtained from Rohm & Haas: Leukotan 1027, 25 
Leukotan 1028, Leukotan 970, and Leukotan 1084. 

Other Stain Resist 

A stain resist composition from DuPont was tested, 
namely SR-300. This is a proprietary product with a Sty- 
rene-maleic anhydride copolymer with a phenolic resin. 30 
Finally, a stain resist composition from Sybron Chemicals, 
Inc. was obtained under the designation "Tanastain 100." 
This composition has a modified phenolic resin as the 
principal ingredient. 

Other Ingredients 35 

The acid used to adjust the pH was commercially avail- 
able urea sulfate. 

Methods 

40 

Except for the variances noted below, the examples were 
all performed according to the following methods. 
Dyeing Simulation 

The pieces of carpet were first treated to simulate the 
dyeing process that carpet would typically encounter in the 45 
total manufacturing process. 

Each sample piece was identified with a laundry tag 
indicating the specific lab trial number. The sample pieces 
were placed in a horizontal lab steamer and steamed for 30 
seconds, face-up, to simulate the pre-steaming step on a 50 
continuous dye line. 

The pre-steamed pieces were allowed to cool for 30 
seconds, and then placed in a fiat pan applicator, which 
contained the desired dyebath mixture and liquor amount. 
The blank dyebaths used in these examples contained a 55 
0.105% solution weight Dowfax 2000 surfactant, and a 
phosphoric acid buffer to set the pH at the desired range, i.e. 
about 5.5. Production dyebaths contain the above two 
chemicals, along with desired level of dyes. 

The wet-out sample pieces were then placed in a hori- 60 
zontal steamer for 4.0 minutes. The pieces were steamed for 
2.0 minutes with the tufts facing up, and the final 2.0 minutes 
with the tufts facing down, to give good liquor flow. 

The steamed pieces were then removed from the steamer 
and immersed in a 3 gallon volume of ambient tap water, for 65 
10 to 15 seconds, to simulate a washing step. The pieces 
were then extracted in a high speed BOCK centrifuge for 4.0 
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minutes to pull the moisture level down to the 20-30% wet 
pick-up range. 

Application of Stain Resist Compound and/or Fluorochemi- 
cal 

Application of Fluorochemical from a Bath 
In some of the examples below, a fluorochemical was 
applied by immersing the extracted sample pieces in an 
aqueous dispersion containing one of the fluorochemical 
compositions described above. The liquor in the flat pan 
applicator for these examples was made up with anionic 
fluorochemical in the range of 0.010% to 0.090% solids, and 
an acid for pH adjustment to the desired range. The extracted 
fabric was wet out in this liquor, in the 350-400% wet-pick- 
up range, and subsequently steamed. 

Simultaneous Application of Fluorochemical and Stain 
Resist Compound 

In some other of the examples below, a fluorochemical 
and an anionic polymer stain resist compound were applied 
simultaneously. This was accomplished by immersing the 
extracted sample pieces in an aqueous dispersion containing 
both a fluorochemical and an anionic polymer stain resist 
compound. The liquor in the flat pan applicator for these 
examples was made up with anionic polymers in the solids 
range of 0.100 to 0.290% solids, anionic fluorochemical in 
the range of 0.010% to 0.090% solids, and an acid for pH 
adjustment into the range of 1.5-1.80. The extracted fabric 
was wet out in this liquor, in the 350-400% wet-pick-up 
range, and subsequently steamed. 

Conventional Stain resist compound Application 
In still other of the examples below, a conventional 
application of an anionic polymer stain resist compound was 
used. This was accomplished by immersing the sample piece 
in a solution of the stain resist compound to be used. 
Specifically, after the centrifuge extraction step described 
above, the sample pieces were again placed in a flat pan 
applicator that contains a conventional stain resist com- 
pound liquor. The application wet-pick-up was 400%. The 
typical conventional stain resist compound bath contained a 
stain resist compound at 0.120 to 0.290% solids, and an acid 
(typically Urea Sulfate) to adjust the pH to the desired range. 
The typical pH range for conventional stain resist compound 
application was 2.0-2.5. 
Conventional Fluorochemical Application 
In still other examples performed for purposes of com- 
parison, a fluorochemical was applied in a way to simulate 
a conventional application, as a topical treatment by a spray 
bar in a step subsequent to the application of a stain resist 
compound. In these example, the extracted sample pieces, 
were placed in a flat pan, pile down, for application of a 
solution containing fluorocarbon in the range of 0.15 to 
1.75% solids, with the pH in the range of 3.5-7.5 units. The 
lab application is made in the 100% wet-pick-up range to 
ensure adequate pile penetration for the solution. The pieces 
with this conventional application of fluorochemical were 
dried without the steam fixation or rinse extraction step 
described below. 

The wet-out sample pieces were placed in the horizontal 
steamer for 1.5 minutes of steaming to fix the fluorochemi- 
cal, the stain resist compound or the combination of both on 
the carpet fibers. The fabric was steamed for 45 seconds with 
the tufted pile up, and 45 seconds with the tufted pile down 
to achieve liquor flow. 
Rinse/Extraction 

The steamed sample pieces were then removed from the 
steamer and immersed in a 3 gallon volume of ambient tap 
water, for 10 to 15 seconds, to simulate a washing step. The 
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reverses the direction at a set interval so that the pile is 
uniformly "trafficked" from each direction. 

As the turntable rotates, a synthetic soil is metered into the 
device and applied to the carpet. Face rollers on the turntable 
mechanically force the soil into intimate contact with the 
carpet pile. After the predetermined number of revolutions, 
the carpet samples are removed from the device and lightly 
vacuumed to pull off loosely adhered soil. 
The samples are then graded for color change versus an 
10 unsoiled control. While this can be done manually, with the 
AATCC grey scale, it was done for examples 20a-q by the 
use of a MacBeth Eagle-Eye spectrophotometer. The refiec- 
The products of the examples were tested by one or more tance data was converted to L*a*b* units using the 1976 
of the following test methods: CIE L*a*b* color equations. The data reported below is the 

15 AL* values which indicate the degree of darkening, due to 
soiling, of the samples soiled in the Kappasoil tester as 



sample pieces were then extracted in a high speed BOCK 
centrifuge for 4.0 minutes to pull the moisture level down to 
the 20-30% WPU range. 
Drying 

The extracted sample pieces, or the pieces with a topical : 
application of fluorochemical, were then placed, with the 
pile up, in an electrically heated, forced air oven operating 
at 220° F. for 6-8 minutes. The sample pieces had a moisture 
content in the range of 1-2% when removed from the oven. 

Test Methods 



PPM Fluorine 

The test to measure the level of fluorochemical applied to 
the carpet samples below was the "NYLON FLUORINE 
CONTENT— COMBUSTION FLASK OXIDATION/SPE- 20 
CIFIC ION METER" test published in October 1983 by the 
Textile Fibers Department of E. I. DuPont De Nemours & 
Company, Inc. under the number TM-371-66, N-M 
27414.00. Briefly stated, the test is conducted by burning the 
sample in an oxygen combustion flask. The fluoride is 25 
absorbed in a sodium hydroxide solution and the pH and 
ionic strength of that solution is adjusted. The concentration 
(activity) of the fluoride ion is measured potentiometrically. 
The results are reported as parts per million fluorine. 
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Repellency Tests 



compared to the unsoiled control. Low absolute values of 
AL* indicate a low degree of darkening due to soil adhering 
to the carpet fibers, thus a low degree of soiling potential 
relative to samples with higher AL* values. 



The following tests were run to determine the repellency 
of the carpet samples: 
Oil Repellency 

The test method published in December 1992 by 3M 
Specialty Chemicals Division as "3M Carpet Oil Repellency 
Test III" was used below. In this test, five 5 mm drops of oil 
are placed from a height of 3 mm onto the carpet surface to 

be tested. The oil used is supplied by 3M under the desig- <to Colorist and Chemists (AATCC). This scale goes from 1 to 
nation "Oily Test Liquid C." If after 10 seconds, four out of 5 with 1 indicating severe color change and 5 indicating no 



Staining by Acid Red #40 
The test method published in December 1992 by 3M 
Specialty Chemicals Division as "3M Carpet Stain Release 
Test II" was used below. In this test, the stain resistance of 
a carpet sample is tested by applying a small volume of an 
aqueous solution of Food, Drug & Cosmetic Red 40. The 
staining solution is made with 80 mg. of dye per liter of 
deionized water and has a pH of 3.0+0.2. A staining ring 
with a 2 inch opening is used to apply 20 ml of the staining 
solution on the carpet sample. Once the 20 ml is absorbed 
into the carpet, the staining ring is removed and the sample 
is left undisturbed for 24±2 hrs. The sample is rinsed with 
tap water until the rinse water is clear. Excess water is 
removed and the sample is oven dried at about 1 00° C for 90 
minutes. The sample is then rated against the grey scale for 
color change provided by the American Associate of Textile 



the five drops are still visible as spherical to hemispherical, 
the carpet is given a passing rating. Some samples are given 
a "marginal" rating, designated by a "(M)" after the P or F, 
and meaning that the sample narrowly passed, or narrowly 45 
failed. 

Water Repellency 

The test method published in December 1992 by 3M 
Specialty Chemicals Division as "3M Carpet Water Repel- 
lency Test V" was also used below. This test is the same as 50 
the oil repellency test above, with the exception that drops 
of deionized water are used in place of oil. 
Water/Alcohol Repellency 
The samples were also tested to determine the repellency 



r and alcohol l 



color change. A score of 4 is generally considered acceptable 
on this test. 

Resistance to Staining by Mustard 

The resistance to staining by mustard is conducted in a 
manner similar to that for Acid Red #40, with the exception 
that the staining solution is made by adding 75 grams of 
French's mustard (containing tumeric) to 1 liter of tap water. 
The carpet samples are allowed to sit in the mustard mixture 
for 30 seconds then drained. After sitting for 24 hrs., the 
samples are rinsed and dried. After drying the samples are 
rated on the same AATCC grey scale for color change. 
Resistance to Staining by Coffee at 140° F. 
The test for resistance to staining by coffee is similar to 



procedure as the water repellency test above was used 
except that, instead of water, a mixture of 90% deionized 
water and 10% isopropyl alcohol was used. 
Soil Repellency 

The samples from examples 20a-q were also tested for . 
repellency to soiling. This was accomplished through the use 
of a device sold by James H. Heal & Co. of Yorkshire 
England under the designation "Kappasoil Rapid Soil Appli- 
cator." The object of this device is to replicate traffic and 
soiling conditions on carpet. This is done by placing carpet 
samples to fit on the turntable on the device. The turntable 
rotates the sample through a set number of revolutions and 



. Specifically, the same 55 that for mustard. The staining solution is made from regular 



strength instant coffee brewed and brought to a te 
of about 140° F. The carpet samples were immersed in the 
coffee for 30 seconds. The samples were allowed to sit for 
30 minutes, then rinsed and dried. After drying, the samples 
» were rated on the same AATCC grey scale for color change. 
A score of 4 is generally considered acceptable on this test 
"WAQE" Stain Resistance Durability Test 

The samples in examples 20a-k were tested to determine 
the durability of the stain resistant properties. This is accom- 
i plished by mixing up a detergent solution containing 2.2 oz. 
of DuPont's "DuPonol/WAQE" detergent per gallon of 
water. The pH of this solution is adjusted to 10.0 with a 10 



11 

percent TriSodium Phosphate solution. Samples of the car- 
pet to be tested are then immersed in the detergent solution 
for 5 minutes. The sample is then rinsed thoroughly under a 
faucet, hand squeezed and extracted with a centrifugal 
extractor to remove excess water. After the carpet has been 5 
thus treated and dried, the same stain resistance test with 
Acid Red No. 40 is performed and the color difference is 
rated by the same AATCC grey scale. 



Other Tests for Colorfastness 



10 



Exposure to Ozone 

Some of the samples in examples 20a-q were also tested 
for colorfastness when exposed to ozone. In particular, the 
AATCC test method 129-1990 was performed and the 15 i 
exposed samples were graded on the AATCC grey scale. 
Exposure to NO x 

Some of the samples in examples 20a-q were also tested 
for colorfastness when exposed to N0 2 . In particular, the 
AATCC test method 164-1987 was performed and the 20 
exposed samples were graded on the AATCC grey scale. 
Exposure to Xenon Lamp 

The samples in examples 20a-q were also tested for 
colorfastness when exposed to light from a xenon lamp for 
40 hours. In particular, the AATCC test method 16-1990 was 25 
performed and the exposed samples were graded on the 
AATCC grey scale. 

Fluorochemical Penetration 

The carpet from examples 20a-q were also tested to 
determine the penetration of the fluorochemical treatment. 
This was accomplished by first measuring the average pile 
height of a 1 by 3 inch sample of carpet Then, a quantity of 
Wesson oil with 0.2 g of oil red 0 per gallon of oil was placed 35 
in a clear baking dish. The carpet sample was placed in the 
dish so that the oil came just over the top of the primary 
backing. The samples were left in the dish for 45 minutes. 
The average height of oil absorbed on the yarn from the 
carpet backing for each pile height was then measured. The 
results are reported as the percentage of the average pile 
height which did not have oil absorbed on it over the entire 
average pile height. Thus, the higher the percentage, the 
further down the fluorochemical penetrated into the pile. 



and the wet pick-up was 400%. The pieces were steamed, 
washed, extracted and dried all as described above. 

After drying, the sample carpet pieces were each tested 
for oil, water, and water/alcohol repellency and for fluorine 
content by the test methods described above. The results are 
reported in Table 1. 

As can be seen the FX1367 (compare examples la to lb, 
li to lj, and lm to In) was more impacted by the addition 
of the XP-4-50 to the application bath than was the T232D 
(compare examples lc to Id, lk to 11, and lo to lp). 

TABLE 1 

Fiber FX XP- H 2 0/ ppm 

1367 T232D 4-50 Oil Hfi Ale F 



EXAMPLES la-lp 

Application of Fluorochemicals Alone and With 
Stain resist compounds on Nylon 

50 

Examples la-lp were performed to demonstrate the 
invention on nylon 6 and nylon 6,6 of carpet face fiber. The 
yarn in examples la-lh was the nylon 6 yarn described 
above. In examples la-Id, the yam was Suessen set and 
tufted at 32 osy. In examples le-lh, the yarn was Superba 55 
set and was tufted at 25.5 osy. The yam in examples li— 1 p 
was the nylon 6,6 yarn described above. In examples 11—11. 
the yarn was Suessen set and was tufted at 30.3 osy. In 
examples lm-lp, the yam was Superba set and was tufted 
at 35 osy. 60 

All of the 16 carpet sample pieces were prepared as 
described above, i.e. including the dye bath simulation. As 
noted in Table 1 below, the extracted pieces were then 
treated with either the FX1367F or the T232D fluorochemi- 
cal alone or one of those fluorochemicals together with the 65 
XP-4-50 stain resist compound by the methods described 
above. In all of examples la-lp, the pH of the bath was 1.8 



EXAMPLES 2a-2p 

Application of Fluorochemical Alone and With Stain Resist 
compound on PET and PP 

Examples 2a-2p were performed exactly as examples 
la-lp except that different types of face fibers were used. In 
examples 2a-2d, the yam was as the Superba set PET 
filament described above and was tufted at 33 osy. In 
examples 2e-h, the yam was the carrierless polyester staple 
described above and was tufted at 34 osy. In examples 2i-21, 
the yam was the carrier polyester staple from Hoechst 
Celanese described above and was tufted at 40 osy. In 
examples 2m-2p, the yam was the Superba set polypropy- 
lene filament produced by Shaw Industries, Inc. described 
above tufted at 26 osy. The results are reported in Table 2. 

These results show that the T232D worked better on the 
PET samples than did the FX 1367. Also, as can be seen by 
comparing examples 2m to 2n and 2o to 2p, the addition of 
the anionic binding polymer XP-4-50 greatly enhanced the 
performance of both fluorochemicals on the polypropylene 
samples. 



4-50 Oil H z O Ale 



5,520,962 
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TABLE 2-continued 



1367 T232D 4-50 Oil H 2 0 Ale 
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the level of fluorine as described above. The results are 
reported in Table 4. 

These results show the dramatic decline in fluorochemical 
performance when the pH of the application bath is not 
below about 3.5. 

TABLE 4 



EXAMPLES 3a-3i 

Application of Fluorochemical with XP-4-50 and 
SR-300 on Polypropylene 

Examples 3a-3h were performed exactly as examples 
2m-2p except that the Superba set polypropylene yarn was 
tufted at 22 osy, two different pH levels for the bath were 
used and the XP-4-50 and SR-300 stain resist compounds 
were compared. Example 3i was tested as a control. 2 
Example 3i was made with the 22 osy Superba set polypro- 
pylene yarn, was treated in the dye bath simulation, but was 
not treated to add either fluorochemical or stain resist 
compound. The results are reported in Table 3. 

These results indicate that the XP-4-50 did generally 
better than the SR-300 when applied to polypropylene. 



EXAMPLES 5a-5p 
pH Effect on Fluorochemical Only Applied to 
Nylon 6 

Examples 5a-5p were performed and tested exactly the 
iame as Examples 4a-4p with the exception that the nylon 



X 1367 T232D XP-4-50 SR-300 Oil Kfi Ale 



EXAMPLES 4a-4p 

pH Effect on Fluorochemical Only Applied to 

Nylon 6,6 51 

Examples 4a-4p were performed to observe the effect of 
the pH of the aqueous dispersion of fluorochemical. The 
carpet sample pieces used in these examples were made with 
the nylon 6,6 yam described above which was Superba set 5 
also as described above. The yarn was tufted to give a 
density of 35 osy. The carpet sample pieces were all treated 
in the dye bath simulation method described above. A 
fluorochemical was then applied by the immersion method 
described above. The liquor for the fluorochemical applica- 6 
tion included 0.6% of the NRD372 composition described 
above and urea sulfate to adjust the pH to the level noted 
below. The balance of the liquor was water. The pieces were 
steamed, rinsed, extracted and dried as described above. The 
carpet sample pieces were then tested in the oil repellency, 6 
water repellency, and water/alcohol repellency tests 
described above. The pieces were also tested to determine 



6 yam described above was used in place of the nylon 6,6 
yam. The nylon 6 yam was Superba set and was tufted at 
25.5 osy. The results are in Table 5. 
i These results show the decline in fluorochemical perfor- 
mance on nylon 6 when the pH is 3 or above. 



5,520,962 
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TABLE 5-continued 



EXAMPLES 6a-6h 



pH Effect on Fluorochemical and Anionic Polymer 
Applied to Nylon 6,6 

Examples 6a-6h were performed and tested exactly the 
same as Examples 4a-4h with the exception that the XP-4- 
50 anionic polymer stain resist compound described above 
was added to the liquor with the NRD372 fluorochemical. 
The XP-4-50 solution was added at 3.3% giving a weight ; 
solids level of 0.120% The results of the tests are in shown 
Table 6. 

These results demonstrate preferred maximum pH of 1.8 
when the fluorochemical and stain resist compound are . 
isly to nylon 6,6. 
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EXAMPLES 8a-8i 
Effect of Time on Fluorochemical and Anionic 
Polymer Applied to Nylon 6,6 Without a Heating 
Step at pH of 1.5 

Examples 8a-8i were performed to study the effect of 
time on samples having a fluorochemical and stain resist 
compound applied without a heating step. With the excep- 
tion of the time the carpet samples were left in contact with 
the aqueous medium and the absence of a heating step, 
examples 8a-8h were performed the same as example 6a, 
i.e. with a pH of the aqueous medium being set at 1.5. 
Example 8i was performed as a control and included a 3 
minute steam treatment. The results of the tests on these 
samples, including the Acid Red 40 stain test, are in shown 
Table 8. 

These results show that the performance of the fluoro- 
chemical application without a heating step improves with 
dwell time. 

TABLE 8 

time Water/ 
Ex. No. (hrs.) AR40 OA Water Alcohol ppm F 



EXAMPLES 7a-7h 

pH Effect on Fluorochemical and Anionic Polymer 
Applied to Nylon 6 

45 

Examples 7a-7h were performed and tested exactly the 
same as Examples 5a-5h with the exception that the XP-4- 
50 anionic polymer stain resist compound described above 
was added to the liquor with the NRD372 fluorochemical. 
The XP-4-50 solution was added at 3.3% giving a weight 50 
solids level of 0.120% The results of the tests are in shown 
Table 7. 

Though not as dramatic, these results show the preferred 
pH of 2.0 when working with nylon 6. 

55 

TABLE 7 

pH Oil Water Alcohol ppm F 



EXAMPLES 9a-9f 
Effect of Time on Fluorochemical and Anionic 
Polymer Applied to Nylon 6,6 Without a Heating 
Step at pH of 1.8 

Examples 9a-9f were performed the same as examples 
8d-8i, with the one exception that the aqueous medium was 
prepared with a pH of 1.8 Example 9f was performed as a 
control and included a 3 minute steam treatment. The results 
of the tests on these samples, including the Acid Red 40 stain 
test, are in shown Table 9. 

Comparing these results with those from Table 8 shows 
that the pH of 1.5 in examples 8a-h gave better results than 
the pH of 1.8 in examples 9a-e. 

TABLE 9 

time Water/ 
Ex. No. (hrs.) AR 40 Oil Water Alcohol ppm F 



EXAMPLES 10a-10i 
Effect of Time on Fluorochemical and Anionic 
Polymer Applied to Nylon 6 Without a Heating 
Step at pH of 1.5 

Examples lOa-lOi were performed exactly the same as 
examples 8a-8i with the exception that the Superba set 
nylon 6 yam described above tufted at 25.5 osy was used 
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5,520,962 



n these 



instead of the nylon 6,6. The results of the tests o 
samples are in shown Table 10. 

These results are similar to those with nylon 6,6 in 
examples 8a-i. 

TABLE 10 

time Water/ 
Ex. No. (hrs.) AR40 Oil Water Alcohol ppm F 



EXAMPLES lla-llf . 

Effect of Time on Fluorochemical and Anionic 
Polymer Applied to Nylon 6 Without a Heating 
Step at pH of 1.8 

Examples lla-llf were performed the same as examples 
9a-9f, with the one exception that the Superba set nylon 6 
yarn described above tufted at 25.5 osy was used instead of 
the nylon 6,6. The results of the tests on these samples are 



TABLE 11 -continued 



Ex. No. (hrs.) AR40 Oil Water 



EXAMPLES 12a-12x 



Various Anionic Polymers Applied to Nylon 6 at 
1.0% solids and a pH of 1.5 

Examples 12a-12k were performed to compare the use of 
various anionic binder polymers used with two different 
fluorochemical compounds. In particular, 12 different 
anionic polymers, all described above, were applied in a 
bath which contained either the T232D fluorochemical or 
the FX1367F fluorochemical. The carpet was made from 
nylon 6 tufted at 25.5 osy. In each example, the anionic 
polymer was present at about 0.25% of the bath. When used, 
the T232D fluorochemical was present at about 0.0135 % of 
the bath. When used, the FX1367F fluorochemical was 
present at 0.05% of the bath. The pH of the bath was 
adjusted to 1.5. The other levels, as well as the methods, 
times and temperatures were the same as in examples 1. The 
results of the tests on these samples are in shown Table 12. 



Ex. No. Polymer FC Used AR 40 



FX369 
FX369 
FX668 
FX668 
FX661 
FX661 



SR300 
LK1027 
LK1027 

LKI028 
LK970 
LK970 
LK1084 
LK1084 
TS10O 
TS10O 
XP-4-49 
XP-4-49 
XP-4-50 
XP-4-50 



T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 



in shown Table 11. 
These results are similar to those for nylon 6,6 in Table 9. 
TABLE 11 



Ex. No. (hrs.) AR 40 Oil Water Alcohol ppm F 



11a 4 2-3 F P F(M) 73 

lib 8 2 F P F(M) 68 

11c 24 2-3 F P F 74 

lid 48 2-3 F P F 71 



EXAMPLES 13a-13x 



Various Anionic Polymers Applied to Nylon 6 at 
60 0.5% solids and a pH of 1 .5 

Examples 13a-13x were performed the same as examples 
12a-12x with the sole exception that half the amount of 
anionic polymer was added to the liquor so that it was 
65 applied at 0.5% by weight solids. The results of the tests are 
shown in Table 13. Comparing the results in Table 12 with 
the results in Table 13 shows that the reduced level of 



5,520,962 
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anionic binding polymer in examples 13a-13x produces 
better fluorochemical performance. 

TABLE 13 

Anionic Water/ 

Ex. No. Polymer FC Used AR 40 Oil Water Alcohol ppro F 

13a FX369 T232D 3 P P P 161 

13b FX369 FX1367F 2 P P P 202 

13c FX668 T232D 4 P P P 110 

13d FX668 FX1367F 3-4 P P P 108 

13e FX661 T232D 2 P P P 117 

13f FX661 FX1367F 3-4 P P P 88 

13g FX657 T232D 1-2 P P P 160 

13h FX6S7 FX1367F 1-2 P P P 175 

13i SR300 T232D 1 P P P 164 

13j SR300 FX1367F 1 P P P 212 

13k LK1027 T232D 2-3 F(M) P P 126 

131 LK1027 FX1367F 1-2 P P(M) F(M) 183 

13m LK1028 T232D 4-5 F P P(M) 152 

13n LK1028 FX1367F 4-5 P(M) P(M) F(M) 162 

13o LK970 T232D 2 F(M) P P(M) 156 

13p LK970 FX1367F 1 P P(M) F(M) 197 

13q LK1084 T232D 1 F P P(M) 76 

13r LK1084 FX1367F 1 P(M) F F 172 

13s TS100 T232D 3-4 F F(M) F 42 

13t TS100 FX1367F 4 F F(M) F 60 

13u XP-4-49 T232D 3-i F F(M) F 104 

13v XP-4-49 FX1367F 4 F F(M) F 201 

13w XP-4-50 T232D 4-5 F P P(M) 99 

13x XP-4-50 FX1367F 4-5 P P P(M) 238 



EXAMPLES 14a-14x 30 

Various Anionic Polymers Applied to Nylon 6 at 
1.0% solids and a pH of 1.8 

Examples 14a-14x were performed the same as examples 
12a-12x with the sole exception that the pH of the bath was 35 
adjusted to 1.8. The results of the tests are shown in Table 
14. 



EXAMPLES 15a-15x 

Various Anionic Polymers Applied to Nylon 6 at 
0.5% solids and a pH of 1.8 

Examples 15a-15x were performed the same as examples 
14a-14x with the sole exception that half the amount of 
anionic polymer was added to the liquor so that it was 
applied at 0.5% by weight solids. The results of the tests are 



14a FX369 T232D 



FX668 
FX668 
FX66I 
FX661 



LK1027 
LK1027 
LK1028 
LK1028 
LK970 

LK1084 
LK1084 
TS100 
TS100 
XP-4-49 
XP-4-49 
XP-4-50 
XP-4-50 



FX1367F 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

FX1367F 

T232D 

FX1367F 



FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 



65 shown in Table 15. Similar to the comparison of Tables 12 
and 13, comparison of tables 14 and 15 show that the 
performance of the fluorochemical was improved with the 



5,520,962 
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reduced level of anionic binding polymer in examples 
15a-x. 

TABLE 15 

Anionic Water/ 
Ex. No. Polymer FC Used AR 40 Oil Water Alcohol ppm F 



15c FX668 T232D 3 P P(M) 

15d FX668 FX1367F 3 F(M) P 

15b FX661 T232D 2-3 P P 

15f FX661 FX1367F 4-5 P F(M) 

15g FX657 T232D 3 P P 

15h FX657 FX1367F 2 P P 

ISi SR300 T232D 1 P P 

15j SR300 FX1367F 1 P P 

15k LK1027 T232D 2 P(M) P 

151 LK1027 FX1367F 2 P P(M) 

15m LK1028 T232D 4-5 F(M) P 

15n LK1028 FX1367F 4-5 P(M) P(M) 

15o LK970 T232D 2 F P 

15p LK970 FX1367F 1 P P 

15q LK1084 T232D 1 F P 

15r LK1084 FX1367F 1 P(M) F(M) 

15s TS100 T232D 3 F F 

15t TS100 FX1367F 3-4 F F 

15u XP-4-49 T232D 3-4 F P 

lSv XP-4-49 FXI367F 4 F F(M) 

15w XP-4-50 T232D 5 P P 

15x XP-4-50 FX1367F 4-5 P P 



Various Anionic Polymers Applied to Nylon 6,6 at 
1.0% solids and a pH of 1.5 

Examples 16a-16x were performed the same as examples 
12a-12x with the sole exception that the carpet used was 
made from nylon 6,6 Superba set yarn tufted at 35 osy. The 
results of the tests are shown in Table 16. The results for 
these examples with nylon 6,6 are similar to those found in 
Table 12 for nylon 6. 



EXAMPLES 17a-17x 



Various Anionic Polymers Applied to Nylon 6,6 at 
0.5% solids and a pH of 1.5 
Examples 17a-17x were performed the same as examples 
16a-16x with the sole exception that half the amount of 
anionic polymer was added to the liquor so that it was 
applied at 0.5% by weight solids. The results of the tests are 
shown in Table 17. 



Ex. No. Polymer FCUscd 



FX668 

FX661 

FX661 

FX657 

FX657 

SR300 

SR300 

LK1027 

LK1027 

LK1028 

LK1028 

LK970 

LK970 

LK1084 

LK1084 

TS100 

TS100 

XP-4-49 

XP-4-49 

XP-4-50 

XP-4-50 



T232D 

FX1367F 

T232D 

FX1367F 

T232D 



FX1367F 

T232D 

FX1367F 



FX1367F 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 



F(M) 
F(M) 
F(M) 



F(M) 
F(M) 
F(M) 



5,520,962 
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Though not as dramatic as the comparison between Tables 
12and 13, the comparison of the results in Tables 16and 17 
shows that the performance of the fluorochemical is 
enhanced with the lower level of anionic binding polymer. 



F(M) 
F(M) 
FCM) 



PCM) 
F(M) 
PCM) 
F(M) 



FX668 
FX668 
FX661 
FX661 
FX6S7 
FX657 
SR300 
SR300 
LK1027 
LK1027 
LK1028 
LK1028 
LK970 
LK970 
LK1084 
LK1084 



XP-4-49 
XP-4-49 
XP-4-50 
XP-4-50 



FX1367F 

T232D 

FX1367F 

FX1367F 



T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 



EXAMPLES 18a-18x 

Various Anionic Polymers Applied to Nylon 6,6 at 
1.0% solids and a pH of 1.8 

Examples 18a-l 8x were performed the same as examples 
16a-l 6x with the sole exception that the pH of the bath was 
adjusted to 1.8. The results of the tests are shown in Table 
18. 



EXAMPLES 19a-19x 

Various Anionic Polymers Applied to Nylon 6,6 at 
0.5% solids and a pH of 1.8 

Examples 19a-19x were performed the same as examples 
18a-18x with the sole exception that half the amount of 
anionic polymer was added to the liquor so that it was 
applied at 0.5% by weight solids. The results of the tests are 



Polymer FCUsed AR40 



FX668 
FX661 
FX661 
FX657 
FX657 
SR300 

LK1027 
LK1027 
LK1028 
LK1028 
LK970 
LK970 
LK1084 
LK1084 
TS100 
TS100 
XP-4-49 
XP-4-49 
XP-4-50 
XP-4-50 



T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 

T232D 

FX1367F 



FCM) 
F(M) 
FCM) 
PCM) 
PCM) 



F(M) 
F(M) 
FCM) 



5,520,962 
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shown in Table 19. These results are similar to those for 
examples 1 8a-x. Thus, there was not a marked improvement 
in fluorochemical performance with the reduced level of 
anionic binding polymer. 
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In example 20a, the carpet was the nylon carpet referred 
to above. After the dyeing step, the carpet was passed 
through a flex nip applicator to apply both a fluorochemical 
and a stairiblocker (SST). The bath included 0.142 percent 



FC Used 



Water Alcohol ppm F 



19c FX668 
19d FX668 



T232D 
FX1367F 
T232D 
FX1367F 
FX661 T232D 
FX661 FX1367F 
FX657 T232D 
FX657 FX1367F 
SR300 T232D 
SR300 FX1367F 
LK1027 T232D 
LK1027 FX1367F 
LK1028 T232D 
LK1028 FX1367F 
LK970 T232D 
LK970 FX1367F 
LK1084 T232D 
LK1084 FX1367F 
TS100 T232D 
TS100 FX1367F 
XP-4-49 T232D 
XP-4-49 FX1367F 
XP-4-50 T232D 
XP^-50 FX1367F 



F(M) P(M) F(M) 

P P P 

P(M) P P(M) 

F(M) P P(M) 

F(M) P(M) F(M) 



F(M) 

P 
P(M) 



The following generalizations can be made from a review 
of the data from examples 12-19. First, it appears that the 
Leukotan 1028 performed the best as the anionic binding/ 
stain resist polymer on the different nylon fibers, at the 3S 
different levels, and at the different pH levels. The XP-4-50 
appears to have the second best performance, with the 
FX-657 the XP-4-49 and the Leukotan 970 coming in third, 
fourth and fifth place respectively. 

40 

EXAMPLES 20a-20q 

Production Scale Tests 

Examples 20a-20q were performed to demonstrate the 45 
invention on a production scale. These examples were also 
performed to compare the simultaneous application of fluo- 
rochemical and stain resist compound (Single Step Treat- 
ment or SST), with conventional application of the stain 
resist compound, if any, followed by the topical application 5Q 
by a spray bar of the fluorochemical, if any. 

In the following examples, the carpet used was all made 
from either a DuPont Type 1150 nylon 6,6 filament yarn or 
a 1450 type polypropylene yarn. The nylon yarn was 
Superba heat set and tufted at 25.5 osy. The polypropylene 55 
yarn was also Superba heat set and tufted at 34.3 osy. The 
carpet included a latex adhesive coat and a polypropylene 
secondary backing both applied by conventional means. As 
is typical, the carpet was made in a roll about 12 feet wide. 

This nylon carpet was dyed by conventional means. In 60 
particular, the carpet was passed through a continuous dye 
line with a wet pick-up of about 400 percent. The dye bath 
included an anionic surfactant and acid dyes to impart a 
putty beige color. The pH of the dye bath was 5.5. The carpet 
was steamed for 3.7 minutes and then rinsed with a wet 65 
pick-up of 500 percent and extracted to a wet pick-up of 40 
percent. 



solids of XP-4-50 and about 0.064 percent solids of 
FX1367F. The pH of this bath was 1 .8. The wet pick-up was 
about 350 percent, thereby applying about 0.56 percent 
fluorochemical based on the weight of the carpet and about 
3.42 percent stain resist compound based on the weight of 
the carpet. The carpet was steamed for 2.7 minutes and then 
rinsed with a wet pick-up of 500 percent and extracted to a 
wet pick-up of 40 percent. 

The carpet was then dried in an oven set at 240° F. for 1 .0 
minutes. 

Example 20b was the same as example 20a with the 
exception that only half as much FX1367F was present in 
the bath, namely a level of 0.032 percent solids. 

Example 20c was the same as example 20a with the 
exception that NRD372 was used as the fluorochemical at 
0.029 percent solids in the place of the FX1367F. 

Example 20d was the same as example 20c with the 
exception that only half as much NRD372 was used, namely 
0.014 percent solids. 

Example 20e was the same as example 20a with the 
exception that T232D was used as the fluorochemical at a 
level of 0.010 percent solids. 

Example 20f was the same as example 20e with the 
exception that the level of T232D in the treatment bath was 
increased to 0.021 percent solids. 

Example 20g was the same as example 20e with the 
exception that the level of T232D in the treatment bath was 
increased to 0.043 percent solids. 

Example 20h was the same as example 20a with the 
exception that there was no fluorochemical in the treatment 
bath. Instead, the treatment bath included only an anionic 
polymer/stain resistant composition, namely SR300 at 0.24 
percent solids. The treatment bath had a pH of 2.2. After the 
rinse and extraction step described in example 20a, the 
FX1367F fluorochemical was applied by a spray bar (Spray) 
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which applied a wet pick-up of about 15 percent of an 
emulsion that contained 1.38 percent solids, resulting in an 
application of about 0.21 percent fluorochemical based on 
the weight of the carpet. 

Example 20i was the same as example 20h with the 5 
exception that the FX1367F was present at 1.22 percent of 
the emulsion sprayed onto the carpet, thus providing 0.18 
percent solids based on the weight of the carpet. 

Example 20j was the same as example 20i with the 
exception that the DuPont fluorochemical NRD372 was 10 
applied by the spray bar in place of the FX 1367F. The level 
of NRD372 was 1.17 percent solids of the emulsion, result- 
ing in an application of about 0.18 percent based on the 
weight of the carpet. 

Example 20k was the same as example 20j with the 
exception that the level of NRD372 was lowered to 0.72 
percent solids, resulting in an application of about 0.11 
percent based on the weight of the carpet. 

Example 201 was the same as example 20a with the 2 o 
exception that the polypropylene carpet was used in place of 
the nylon carpet. Also, the polypropylene carpet was not 
dyed, but rather treated with a solution containing only 
0.105 percent anionic surfactant at a pH of 7.5. The carpet 
was steamed for 3.7 minutes before being rinsed and 25 
extracted as described above. In addition, the fluorochemical 
T232D was used in the treatment bath at a level of 0.015 
percent solids. The level of XP-4-50 in the treatment bath 
was lowered to 0.137 percent solids. 

Example 20m was the same as example 201 with the 30 
exception that the level of T232D in the treatment bath was 
increased to 0.030 percent solids. 
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Example 20n was the same as example 20m with the 
exception that no anionic polymer/stain resist compound 
was included in the treatment bath or applied to the carpet 
in any step. 

Example 20o was the same as example 20n with the 
exception that instead of applying T232D fluorochemical in 
the treatment bath, FX1367F was applied through a spray 
bar. In particular, the carpet was subjected to the pre- 
treatment, but not immersed in a bath with either anionic 
binding polymer or fluorochemical, nor was the carpet 
subjected to the steaming step that would have taken place 
after that bath. An emulsion containing 1.06 percent solids 
FX1367F was sprayed on with a wet pick-up of 15 percent, 
thereby producing about 0.16 percent solids FX1367F based 
on the weight of the carpet. 

The carpet produced in each of the examples was tested 
for fluorine content, oil, water, and water/alcohol repellency, 
the Acid Red #40 stain test, the WAQE stain resistance 
durability test, the Mustard stain test and the Coffee stain 
test. The results of these tests are reported in part A of Table 
20. The carpet produced was also tested in the for Kappa 
soiling with the AL* being reported. The carpet was also 
tested for fluorochemical penetration, lightfastness when 
exposed to Ozone, NOx and Xenon light. The results of 
these tests are reported in part B of Table 20. 



TABLE 20 



Ex. No. Spray ppm F 



Water Ale AR 40 



Ex. No. SST or Spray 



-17.28 
-16.60 
-17.84 
-12.70 
-1215 
-11.20 
-12.22 
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It is thus seen that a novel, advantageous method of 
enhancing the repellency of carpet has been discovered. 10 
Preferably, the method also includes the simultaneous appli- 
cation of a compound to enhance the stain resistance of the 
carpet as well. As such, the invention provides a tremendous 
advantage in that the two treatments can be added simulta- 
neously. I5 

I claim: 

1. A method of treating carpet yarn to enhance its repel- 
lency comprising the steps of: 

providing carpet yarn comprising polymeric fibers; 

providing effective repellency enhancing amounts of an 2 o 
anionic or nonionic fluorochemical compound and an 
anionic polymer binding compound in an aqueous 
medium, the aqueous medium having a pH below about 
2.0; 

immersing the carpet yam in the aqueous medium; and 25 
removing excess water from the carpet. 

2. The method of claim 1 wherein the binding compound 
increases the stain resistance of the carpet fibers. 

3. The method of claim 1 wherein the pH is above about 
1.0. 30 

4. The method of claim 1 wherein the pH is between about 
l.S and about 1.8. 

5. The method of claim 1 wherein the fluorochemical 
compound is selected from the group consisting of telomeric 
fluorochemicals and electrochemically fluorinated fluoro- 
chemicals. 

6. The method of claim 1 wherein the fluorochemical 
compound is present in an amount between about 0.0035 
and about 0.175 percent of the aqueous medium. 

7. The method of claim 1 wherein the binding compound 

is present in an amount between about 0.05 and about 2.5 40 
percent of the aqueous medium. 

8. The method of claim 1 wherein the binding compound 
is a polymer or copolymer of methacrylic acid. 

9. The method of claim 8 wherein the polymer or copoly- 
mer of methacrylic acid has a number average molecular 45 
weight between about 500 and about 20,000. 

10. The method of claim 1 further comprising the step of 
applying heat to the carpet yarn after being removed from 
the aqueous medium to thereby fix the fluorochemical 
compound and the binding compound to the polymeric 30 
fibers. 

11. The method of claim 10 wherein the carpet yam is 
heated at a temperature between about 160° and about 260° 
R for between about 15 seconds and about 60 minutes. 

12. The method of claim 10 wherein the carpet yam is 
heated at a temperature between about 180° and about 220° 55 
F. for between about 30 seconds and 8 minutes. 

13. The method of claim 10 wherein the carpet yarn is 
heated with steam. 

14. The method of claim 10 wherein the ratio of aqueous 
medium to carpet yarn during the heating step is at least 60 
0.5:1. 

15. The method of claim 10 wherein the ratio of aqueous 
medium to carpet yam during the heating step is between 
about 2:1 and about 60:1. 

16. The method of claim 1 wherein the carpet yarn tufted 65 
into a carpet which carpet is placed in a vessel containing the 
aqueous medium. 



17. The method of claim 16 wherein the carpet is removed 
from the vessel before the heating step and the ratio of 
aqueous medium to carpet during the heating step is at least 
about 0.5:1. 

18. The method of claim 17 wherein the ratio of aqueous 
medium to carpet during the heating step is between about 
2:1 to about 10:1. 

19. The method of claim 16 wherein the carpet and the 
aqueous medium are heated in the vessel. 

20. The method of claim 19 wherein the ratio of aqueous 
medium to carpet during the heating step is between about 
12:1 to about 60:1. 

21. The method of claim 1 wherein the carpet yam is 
tufted into a carpet which is pulled through a pool of the 
aqueous medium under conditions to produce a ratio of 
aqueous medium to carpet during the heating step of at least 
0.5:1. 

22. The method of claim 21 wherein the ratio of aqueous 
medium to carpet during the heating step is between about 
2:1 to about 10:1. 

23. The method of claim 22 wherein the carpet is 
immersed in the aqueous medium by use of a flex nip 
applicator. 

24. The method of claim 1 wherein the carpet yam is 
tufted into a carpet which is immersed in the aqueous 
medium by cascading the aqueous medium over the carpet 
so as to result in a ratio of aqueous medium to carpet of at 
least about 0.5:1 during the heating step. 

25. The method of claim 1 wherein the fibers are made of 
a polyamide. 

26. The method of claim 1 wherein the fibers are made of 
nylon and include acid dye sites, and wherein the binding 
compound blocks the acid dye sites to thereby make the 
nylon fibers stain resistant. 

27. The method of claim 1 wherein the face fibers are 
made of polypropylene. 

28. A method of treating carpet to enhance its repellency 
and stain resistance comprising the steps of: 

providing a carpet comprising nylon face fibers; 

providing effective repellency enhancing amounts of an 
anionic or nonionic fluorochemical compound and an 
anionic polymer stain resist compound in an aqueous 
medium, the aqueous medium having a pH below about 
2.0; 

immersing the carpet in the aqueous medium; 
heating the carpet and aqueous medium; and 
removing excess water from the carpet. 

29. The method of claim 28 wherein the pH is between 
about 1.5 and about 1.8. 

30. The method of claim 28 wherein the fluorochemical 
compound is selected from the group consisting of telomeric 
fluorochemicals and electrochemically fluorinated fluoro- 
chemicals. 

31. The method of claim 28 wherein the fluorochemical 
compound is a telomeric fluorochemical. 

32. The method of claim 28 wherein the fluorochemical 
compound is present in an amount between about 0.0035 
and about 0.175 percent of the aqueous medium. 

33. The method of claim 28 wherein the carpet is heated 
at a temperature between about 1 80° and about 220° F. for 
between about 15 seconds and about 6 minutes. 
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52. The method of claim 44 wherein the ratio of aqueous 
medium to carpet yam during the heating step is at least 
0.5:1. 

53. The method of claim 44 wherein the ratio of aqueous 
medium to carpet during the heating step is between about 
2:1 and about 60:1. 

54. The method of claim 44 wherein the carpet is 
immersed in the aqueous medium by placing the carpet in a 
vessel containing the aqueous medium. 

55. The method of claim 54 wherein the carpet is removed 
from the vessel before the heating step and the ratio of 
aqueous medium to carpet is at least about 0.5:1. 

56. The method of claim 55 wherein the ratio of aqueous 



34. The method of claim 28 wherein the carpet is heated 
with steam. 

35. The method of claim 28 wherein the ratio of aqueous 
medium to carpet yarn during the heating step is at least 
0.5:1. 

36. The method of claim 28 wherein the ratio of aqueous 
medium to carpet during the heating step is between about 
2:1 and about 60:1. 

37. The method of claim 28 wherein the carpet is 
immersed in the aqueous medium by placing the carpet in a 10 
vessel containing the aqueous medium. 

38. The method of claim 37 wherein the ratio of aqueous 
medium to carpet during the heating step is between about 

^S? SemeSlod of claim 38 wherein the carpet and the 15 medium to carpet during the heating step is between about 
aqueous medium are heated in the vessel. 2:1 t0 about . . 

40. The method of claim 28 wherein the carpet is 57. The method of claim 54 wherem the carpet and the 
immersed in the aqueous medium by pulling a long roll of aqueous medium are heated in the vessel. 

the carpet through a pool of the aqueous medium under 58. The method of claim 44 wherein the carpet is 
conditions to produce a ratio of aqueous medium to carpet 20 immersed in the aqueous medium by pulling a long roll of 
during the heating step of at least 0.5:1. the carpet through a pool of the aqueous medium under 

41. The method of claim 40 wherein the ratio of aqueous conditions to produce a ratio of aqueous medium to carpet 
medium to carpet during the heating step is between about during the heating step of at least 0.5:1. 

2:1 to about 10:1. 59. The method of claim 58 wherein the ratio of aqueous 

42. The method of claim 40 wherein the carpet is 25 medium to carpet during the heating step is between about 
immersed in the aqueous medium by use of a flex nip 2:1 to about 10:1. 

applicator. 60. The method of claim 58 wherein the carpet is 

43. The method of claim 28 wherein the polyamide is immersed in the aqueous medium by use of a flex nip 
nylon 6. ; " 

44. A method of treating polypropylene carpet to enhance 30 
its repellency comprising the steps of: 

providing a carpet comprising polypropylene face fibers; 
providing effective repellency ei 



applicator. 

61. The method of claim 44 wherein the carpet is 
immersed in the aqueous medium by cascading the aqueous 
"' n over the carpet so as to result in a ratio of aqueous 
o carpet of at least about 0.5:1 during the heating 



62. A composition for treating carpet to enhance its 
repellency comprising effective repellency enhancing 
amounts of: 

an aqueous medium; 

an anionic or nonionic fluorochemical; 

an anionic polymer binding compound; 

wherein said aqueous medium has a pH below about 2.0. 

63. The composition of claim 62 wherein the fluoro- 
chemical compound is present in an amount between about 



anionic or nonionic fluorochemical compound and an 
anionic polymer binding compound in an aqueous 3 
medium, the aqueous medium having a pH below about 
3.5; 

immersing the carpet in the aqueous medium; 
heating the carpet and aqueous medium; and 4 
removing excess water from the carpet. 

45. The method of claim 44 wherein the pH is above about 
1.0 and below about 3.5. 

46. The method of claim 45 wherein the pH is between 
about 1.5 and about 1.8. 45 0.0035 and about 0.175 percent. 

47. The method of claim 44 wherein the fluorochemical 64. The composition of claim 62 wherein the anionic 
compound is selected from the group consisting of telomeric polymer binding compound is present in an amount between 
fluorochemicals and electrochemically fluorinated fluoro- about 0.01 and about 2.5 percent. 

chemicals. 65. The composition of claim 62 having a pH of between 

48. The method of claim 44 wherein the fluorochemical 50 about 1.5 and about 1.8. 

compound is a telomeric fluorochemical. 66. The composition of claim 62 wherein the anionic 

49. The method of claim 44 wherein the fluorochemical polymer binding compound is a polymer or copolymer of 
compound is present in an amount between about 0.0035 methacrylic acid. 

and about 0.175 percent of the aqueous medium. 67. The composition of claim 62 wherein the fiuoro- 

50. The method of claim 44 wherein the carpet is heated 55 chemical is selected from the group consisting of telomeric 
at a temperature between about 180° and about 220° F. for fluorochemicals and electrochemically fluorinated fluoro- 
between about 15 seconds and about 6 minutes. chemicals. 

51. The method of claim 44 wherein the carpet is heated 

with steam. ***** 
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ABSTRACT 



An improved mordant solution and process for prepar- 
ing fibers for dyeing and fixing natural dyes to fibers, 
particularly but not exclusively cellulose fibers, includ- 
ing cotton and linen, and synthetic fibers, including' 
Rayon® and TenselTM . The improved natural mor- 
dant solution comprises an aqueous solution of alum 
KA1(S04) and soda ash Na2C03, most preferably an 
aqueous colloidal suspension of aluminum hydroxide. 
This mordant solution significantly improves the recog- 
nized measurable qualities of naturally dyed fibers, in- 
cluding light and washfastness, without using polluting 
heavy metal mordants. The improved mordant treat- 
ment and natural dye process includes first pretreating 
the fabric with an aqueous mordant wash, which in- 
creases the dye uptake in the dye bath, then treating the 
fabric with a second aqueous mordant wash, following 
dyeing, then preferably treating the dyed fabric with a 
final tannin wash, permanently setting the natural dye in 
the fibers or fabric. 
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hydrosulfite, ammonia hydroxide, cream of tartar or 

MORDANT AND METHOD OF DYEING FIBERS potassium bitartrate, "Glauber's salt" or sodium sulfate, 

lime, lye or sodium hydroxide, oxalic acid, tannic acid, 

BACKGROUND OF THE INVENTION uria, vinegar or acetic acid and washing soda or sodium 

This invention relates to an improved mordant solu- 5 carbonate. As will be understood, several of these mor- 

rion which is particularly suitable for dyeing cellulose dan* 8 produce toxic waste, but the prior art has failed to 

fibers, such as cotton and linen, without the use of dan- produce permanently dyed cellulose fibers or fabric 

gerous and polluting heavy metal salt or iron mordants. which are color and washfast and which produce a 

The method of this invention further includes a process wide range or palette of colors, even using heavy metal 

for dyeing such fibers using natural dyes and nonpollut- 10 salt mordants. 

ing mordants. Thus, there is an urgent need for a natural dye pro- 

The use of synthetic dyes began with Perkin's acci- cess which can meet the needs of the commercial textile 

dental synthesis of mauvein (C27H24N4) or "aniline industry, including a full palette of consistently repro- 

purple" in 1856. Perkin was attempting to synthesize ducible natural colors, which are wash and lightfast 

quinine, but recognized the commercial potential of 15 Further, there is an urgent need for a mordant and dye 

mauvein as a synthetic dye. The synthetic dye industry process which does not produce toxic wastes. The mor- 

was the major synthetic organic chemical industry in dant and dye process of this invention meets both of 

the early 1900's. Synthetic dyes have now virtually these urgent needs, 
replaced natural or vegetable dyes the textile industry, 

relegating natural dyes to use by hobbyists and cottage 20 SUMMARY OF THE INVENTION 

industries. The annual global sales of synthetic dyes are The improved mordant of this invention may be used 

now estimated to be about $20,000,000,000. for pre treatment of fibers, including cellulose fibers, for 

Production and use of synthetic dyes however pro- dyeing and for setting of natural dyes in such fibers, 

duces senous toxic waste problems. The dye industry including, for example, cotton and linen fabrics and 

has recently attempted to reduce toxic effluents by 25 textiles which ^ often d j fficmt to dye, in- 

rechargingdyebaths, using different dye techniques that cludin Rayon® an d TenselTM fibers and textiles, 

are more efficient, recycling and recovering waste, and ^ 5^0^ nonp olluting mordant of this invention 

using computer technology to control the introduction ^ ^ aqneous solution of alum or potassium 

of dyes and chemicals in the bath. Exhaustion rates have sulfate (KA1(S04) 2 .12H 2 0) and soda ash 

been unproved in certain facilities to above about 65%; 30 ^ J . ' J 

however, the average exhaustion rate remains about > i .. ' - M _i__i_„_ 

40% and the synthetic dye industry continues to be a mv f ntlon comprises a collo dal suspension .of aluminum 

major source of^olIutionfdischarggTe^ metal salts m solut ™' ^ TT t 

and other toxic waste into the environment bo » of ls ab ° ut concentration of 

Because of the problems associated with synthetic 35 » weight percent The preferred mordant 

dyes, there has been a renewed interest in natural or coUoldal suspension may be formed by adding alum to 

vegetable dyes. Natural dyes, such as indigo, tannin and f a ? ueous *> ut ?° n of s ? da ^™ 1 water ' ™* 

madder have been used since the beginning of recorded heatm S solutIon to about 150 R In a a PP h " 

history; however, it is almost impossible using known cati ° n a d y e hcmor contaimng the vegetable dye 

techniques to obtain the same dye shade twice in succes- 40 Osage. &e second mordant solution may contain 0.45% 

sion with natural dyes, even using the same method. As b y soda ash and 3% by weight alum. In another 

noted by a major synthetic dye manufacturer, the color- example where the dye liquor includes the vegetable 

giving molecules in the plants used for dyeing have not dves Madder or Cutch, the second mordant solution 

been "specifically designed by nature" for transfer to a contains 0.3% by weight soda ash and 2% by weight 

substrate. Using prior natural dyeing processes, it is 45 alum - 

often necessary to choose conditions which severely The preferred method or process of this invention for 

damage the fiber to obtain a suitably dyed fabric. Fur- permanently dyeing fibers, including natural cellulose 

ther, it has not been possible to obtain dyed fabrics fibers, includes pretreating the fibers with a mordant 

which are light and washfast and it has not been possible solution comprising an aqueous solution of alum and 

to obtain a full palette of colors, using natural dyes. 50 soda ash. The pretreated or premordanted fibers are 

Thus, the textile industry has generally rejected natural then treated, following washing, with a dye liquor pref- 

dyes for commercial applications. erably rontaining a natural dye. The fibers are then 

The most commonly used mordants for natural dyes treated with a second nordant solution, which is also 

are also potential sources of toxic waste. Mordants are preferably an aqueous solution of alum and soda ash, as 

chemicals that are necessary to chemically fix most 55 described. The second mordant solution is preferably 

natural dyestuffs. The mordant combines with both the added directly to the dye bath, near the end of the dye 

dye molecule and the fiber molecule, producing a per- treatment cycle. Finally, the fibers are preferably 

manently fixed insoluble "color lake." The insoluble treated with a weak solution of tannic acid, further 

mordant-dye complex that is chemically combined with setting the natural dye in the fibers, 

the fiber in a mordant dyed fiber is referred to as a color 60 More specifically, the disclosed natural dye process 

lake. Color lakes are produced with adjective dyes. includes first pretreating the fibers by wetting the fibers 

Color lakes produced by reacting a dye with a metallic with a commercially available wetting agent, then im- 

salt, such as madder (alizarin) with alum, were also used mersing and agitating the fibers in the presence of the 

in inks and paints. The most commonly used mordants aqueous mordant solution, preferably at a temperature 

for natural dyes are alum or potassium aluminum sul- 65 of about 110° to 170° F. for about an hour. In the most 

fate, chrome or potassium dichromate or potassium preferred method of pretreatment, the fibers are treated 

bichromate, blue vitriol or copper sulfate, ferrous sul- with the mordant in temperature stages, first at a lower 

fate, stannous chloride, sodium dithionite or sodium temperature of for example 120° F. for about twenty 
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minutes, then at a higher temperature of for example with cochineal. Cutch or Catechu, also known as Terra 

140° F. for about ten minutes and finally at about 165° F. japonica, is obtained from various species of Mimosa, 

for about 45 minutes. This results in improved dye up- Acacia and Areca trees chiefly found in India, Southern 

take and cleaner effluent The liquid is then drained and Asia and Africa. The commercial dye product is an 

the fibers are rinsed with warm water and preferably 5 extract obtained by boiling the wood, trees, leaves and 

dried. The pretreated or premordanted fibers are then fruit and processed to produce a yellow or olive color, 

treated with a dye, preferably an aqueous natural dye depending upon the mordant used. The mordant solu- 

liquor, for sufficient time to produce the desired color. tion of this invention may also be used with indigo; 

The fibers are then treated with a second mordant solu- however, the indigo dye process is described in a sepa- 

tion, preferably an aqueous solution of alum and soda 10 rate patent application filed concurrendy herewith. The 

ash, as described. The second mordant solution may be methods of processing and preparing dye liquors from 

added direcdy to the dye liquor, preferably near the end madder, cochineal, cutch, indigo and other natural dye 

of the dye treatment cycle; for example, in the last fif- substances are well documented in the literature and 

teen minutes. The dye liquor is then drained. In the such processes are not, therefore, described herein, 

most preferred method of dyeing natural cellulose fi- 15 As described above, the improved mordant of this 

bers, the fibers are finally treated with a weak aqueous invention may be used both for pretreating or premord- 

solution of tannin or tannic acid containing about 1% anting the fibers, prior to dyeing and for mordanting, 

tannic at a temperature of about 140° F., which further following dyeing. The preferred mordant solution is an 

sets the natural dye in the fibers. The fibers are then aqueous solution of alum and soda ash. More specifi- 

rinsed, drained and dried. 20 cally, the preferred mordant solution of this invention 

The improved mordant solution and natural dye pro- comprises a colloidal suspension of aluminum hydrox- 

cess of this invention produces permanently dyed fibers ide in aqueous solution, wherein the concentration of 

and fabrics or textiles which are light and washfast and alum is about seven times the concentration of soda ash, 

can be used to produce a full palette of reproducible in weight percent. This colloidal suspension may be 

natural colors. Further, the mordant and dye process of 25 formed by first adding fiber soda ash to water to form 

this invention does not require the use of heavy metal an aqueous solution of soda ash. Fiber alum or potas- 

salts or iron and thus produces permanently dyed fibers sium aluminum sulfate is then slowly added to the aque- 

in a wide range of colors without producing toxic ous solution of soda ash while the solution is agitated 

waste. Finally, the mordant natural dye process of this and heated to about 150° F. The colloidal suspension 

invention requires significantly less energy than com- 30 begins to form at about 140° F. 

mercial dye processes. The mordant solution and natu- The fibers to be dyed, which may be in the form of a 

ral dye process of this invention thus solves the prob- garment, pieces of textile or yarn, is then pretreated 

lems with the prior natural dye processes and avoids the with the mordant solution, as follows. First, the fibers 

pollution and toxic waste problems associated with are wetted out by agitating the fibers with a commercial 

synthetic dyes. Other advantages and meritorious fea- 35 wetting solution, such as "Ecowet" available from 

tares of this invention will be more fully described in Southeast Chemical Corp. The fibers are then agitated 

the following description of the preferred embodiments in the mordant solution and heated to about 165° F. In 

of the mordant solution and natural dye process of this the most preferred premordant process, the fibers are 

invention which follows and the appended claims. immersed in the mordant solution which is first heated 

„ TO „ r ,^„, OTr „» r ™ 40 to about 120° F. and agitated for about ten minutes. The 

DETAILED DESCWPTTON OF PREFERRED mordant solution fc then heated to about 140° F. and 

EMBODIMENTS OF IMPROVED MORDANT for ^ additiona i ten minutes. Finally, the mor- 

AND NATURAL DYE jMORDANT PROCESS OF ^ Mon js heated to about 165 - F . ^ agitated for 

THIS INVENTION about forty-five minutes. The mordant solution is then 

As described, the improved nonpolluting mordant 45 drained, the fibers are rinsed in warm water and dried, 
solution of this invention is particularly, but not exclu- The fibers are now ready for dyeing, 
sively suitable for dyeing natural cellulose fibers, in- After wetting the fibers, the fibers are immersed and 
eluding cotton and linen. Natural dye mordant pro- agitated in an aqueous solution of the natural dye liquor 
cesses were used long before the introduction of syn- for a time sufficient for uptake of the dye. A second 
thetic dyes in the late mid 19th century. The mordant 50 mordant solution is then introduced, preferably near the 
and natural dye mordant process of this invention may end of the dye cycle and the fibers are agitated in the 
be used with many natural or vegetable dyes, some of mordant and dye solutions for about fifteen minutes, 
which had been used since before recorded history. Finally, the fibers are preferably agitated in a weak 
Natural dyes which may be used in the dye process of aqueous solution of tannic acid or tannin, 
this invention include, but are not limited to madder, 55 The mordant solution and natural dye mordant pro- 
cochineal, cutch and osage. Madder is a vegetable dye cess of this invention will be more fully understood 
produced from species of Rubis, herbaceous perennials from the following examples. 9,100 gms or. about 
grown in Europe and Asia. Preparations of dyes from twenty pounds of cotton garments were pretreated or 
madder root were used to produce red, yellow and premordanted with the nonpolluting mordant solution 
brown colorations prior to the introduction of synthetic 60 of this invention, as follows. Two percent of the weight 
dyes. The mordants used with madder dyes included of the fibers or 182 gms of soda ash was added to five 
chromium, aluminum, iron, copper, tin and other heavy gallons of warm water and stirred to dissolve all of the 
metal and polluting salts. Cochineal is an insect dyestuff soda ash in solution. Fifteen percent of the weight of the 
. indigenous to Mexico, which was in use by natives fibers or 1,365 gms of alum was then added slowly to 
when the Spaniards invaded Mexico in 1518. The insect 65 the aqueous solution of soda ash to avoid flashing. The 
cochineal is the Coccus cacti which is cultivated in Mex- solution was then heated to about 150° F. and stirred to 
ico, Peru and other countries for producing carmine form a colloidal suspension of aluminum hydroxide in 
red. Stannous chloride was the principal mordant used water. 
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The fibers are then pretreated by first wetting out the the primary natural fiber used by the garment industry, 

fibers with warm water and 40 ml of "Ecowet" com- accounting for nearly fifty percent of the fibers used, 

mercial wetting solution. The fibers are then heated to There is, however, no natural dye mordant process for 

120° F. and one-half of the premordant solution was dyeing cotton fibers, fabric or garments which results in 

added and the fibers were agitated for ten minutes. The 5 a wash and lightfast garment. 

fibers and mordant solution was then heated to 140° F., The mordant dye process of this invention does pro- 
the remainder of the mordant solution was added and duce consistent dyed yarns, textile pieces and garments 
the fibers were agitated in the mordant solution for an m a c f natural colors. Further, the colors are 
additional ten minutes. The aqueous mordant solution wasn ^ Hghtfast. The American Association of Tex- 
was then heated to 165° Rand agitated for an additional 10 ^ e Colorists and Chemists have developed standard- 
forty-five minutes. The fibers and solution were then ized tests to determine whether a dyed fabric is washfast 
cooled to 120° R, drained, rinsed and dried. ^ No 61A) ^ ^ No ^ oten - 
The natural dye mordant process of this invention ^ ^ QT mdex on such tests from 0 to 5 . Fab . 
may be earned out in a conventional commercial or dcs d d ^ Mtural d usin conventional natura i 
mdustnal washmg machme. A computer conttol nidus- 15 d y djfflt ^ ^* j Qr 2 Qn ^ ^ ^ 

tfoZ^tT^ro^ l! T ^ c ^t^ «« for «**» fabri ^ however ' 

the operator to preprogram the introduction of fluids, . „ . t . ' . . 

such as water iAto the washing machine chamber or f*f ^ * ho * 4 ° even ^ er ° n ™£ 

basket, temperature and time, including wash and agita- tests - ™* natural dye mordant process of this mvention, 

tion cyclesfetc. Further, it is possibk to progranfan 20 how ^ er> leSV ^ m * d y ed , fabnc wh "; h »»™ be * we f 

industrial washer to ramp up or down the temperature \ ^ 5 <» snch ^."^ * .or greater than synthetic 

while agitating the fibers, as described herein. A suit- dyes on the same fabnes. Further, as set forth above, the 

able industrial washing machine for the natural dye dye mordant process of this mvention does not 

mordant process of this invention is the Unimac Washer result m pollution. 

Extractor made by Unimac Corporation; however, the 25 As will be understood by those skilled in the art, 

process of this invention is not limited to any particular certain modifications can be made to the nonpolluting 

machine or equipment. In fact, tile natural dye mordant mordant and natural dye mordant process of this inven- 

process of this invention may be adapted to existing dye tion within the purview of the appended claims. The 

apparatus and processes, including package dye ma- natural dye mordant process of this invention is not 

chines. 30 limited to the natural dyes disclosed herein, but may be 

Cotton fibers in the form of garments were dyed with used for other dyes. Further, the natural dye mordant 

cochineal, as follows. Twenty pounds (9,100 gms) of process is not limited to dyeing cotton or other cellulose 

pretreated cotton fibers in the form of garments were fibers, although the process of this invention is very 

first wetted out with warm water containing 40 ml of successful with cellulose fibers, which are difficult to 

"Ecowet" commercial wetting solution. One gallon 35 dye, particularly with natural dyes. The process of this 

(2.79 liters) of water containing cochineal dye extract invention may also be used with some synthetic yarns 

was added to the wetted out fibers and heated at two and fabrics. Finally, the improvements in the nonpollut- 

degrees per minute to 165° F. The fibers were then ing mordant solution and natural dye mordant process 

agitated in the aqueous dye solution for thirty-five min- 0 f this invention may be used individually or in combi- 

utes. A second aqueous mordant solution containing 40 nation to produce improved dyed fibers or fabric. For 

0.3% soda ash (27.3 gms) and 2% weight of fibers (182 example, the use of a final tannin treatment following 

gms) was added and the fibers were agitated for fifteen the dye-mordant step resulted in a 10 to 20% impirove- 

minutes. The second mordant solution was prepared as ment m wasn ^ lightfastness. The use of an aqueous 

described above to produce a colloidal suspension of colloidal suspension of aluminum hydroxide resulted in 

aluminum hydroxide. 45 a 20 to 40% improvement in such tests and the use of a 

The dye mordant solution was then dramed and an mordant treatment resulted in a further 10% 

aqueous solution containing 1% weight of fiber (91 ^0^,^. As will be understood, these improve- 

gms) tannin was added to the chamber. The chamber ments were unexpected, particularly in view of the long 

was tiien heated to 140of and agitated for ten minutes. nfetoryofthe use ofnatural dyes and the replacement of 

The tannin solution was then dramed, the fibers were 50 . „, ,.„„ , , „ , ' „ „ „„„,„„, „„„ 

washed with detergent, rinsed and dried. Hrim 

^wi^^Tx^tW ^Z^J^ltt l-A P^ess for permanently dyeing fibers, fabrics 

fibers after wetting and the second mordant solution 55 ton '. lme ° and other cellulose fibers, said process corn- 
contained 0.45% weight of fibers (41 gms) soda ash and pnsmg the following steps: 

3% weight of fibers (273 gms) of alum was prepared as * le "gf S ^^^S^^^^S 

described to produce an aqueous colloidal suspension of 110 R wd about 170 R ^ a mordant compns- 

aluminum hydroxide. m S an aqueous colloidal, suspension formed by 

Although the manufacture and use of synthetic dyes 60 adding soda ash and alum to warm water wherein 

remains a major source of pollution, the commercial the concentration of alum is about seven times the 

textile industry has rejected natural or vegetable dyes concentration of soda ash in weight percent and 

because such dyes are not reproducible and the dyed wherein the mordant is present in an amount suffi- 

fabrics are not light and washfast using present meth- cient to fix a natural dye; and 

ods. Protein fibers, such as wool, are somewhat easier to 65 treating said fibers with an aqueous solution contain- 

dye and natural dyes are used to a limited extent to dye ing a natural dye liquor wherein the natural dye is 

protein fibers. Further, as set forth above, indigo re- present in an amount sufficient to permanently dye 

mains in use for dyeing denim yarn. However, cotton is said fibers. 
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2. The process for permanently dyeing fibers as de- - tion of alum is about seven times the concentration 
fined in claim 1, wherein said process further includes of soda ash, in weight percent, and wherein the 
treating said fibers with said mordant following dyeing. mordant is present in an amount sufficient to fix a 

3. The process for permanently dyeing fibers as de- natural dye, and agitating said fibers at a tempera- 
fined in claim 2, wherein said process further includes 5 tare of at least about 1 10° F. to about 170° R; 
treating said fibers with an aqueous solution of tannic treating said fibers with an aqueous solution contain- 
acid following treating said fibers with said mordant ing a natural dye liquor in an amount sufficient to 
following dyeing. permanently dye said fibers; and 

4. The process for permanently dyeing fibers as de- treating said fibers with said mordant solution to 
fined in claim 1, wherein said mordant is formed by 10 further bond said dye to said fibers. 

adding alum to an aqueous solution of soda ash, agitat- 7. The process of permanently dyeing fibers as de- 

ing and heating said solution to a temperature of at least fined in claim 6, wherein said mordant is formed by 

about 150° F. adding alum to an aqueous solution of soda ash at a 

5. The process for permanently dyeing fibers as de- temperature of about 120° to 170° F. 

fined in claim 1, wherein said mordant is formed by first 15 8. The process of permanently dyeing fibers as de- 
adding soda ash to water, forming an aqueous solution fined in claim 6, wherein said process further includes 
of soda ash in water, then adding alum to said solution, treating said fibers with an aqueous solution of tannic 
agitating and heating said solution to form said colloidal acid following said treatment of said fibers with said 
suspension. second mordant solution. 

6. A process for permanently dyeing fibers, fabrics 20 9. The process of permanently dyeing fibers as de- 
and textiles selected from the group consisting of cot- fined in claim 8, wherein said second mordant solution 
ton, linen, and other cellulose fibers, comprising the is added to said fibers near completion of dye treatment, 
following steps: 10. The process of permanently dyeing fibers as de- 

pretreating said fibers by immersing said fibers in fined in claim 6, wherein said mordant is formed by 

water containing a mordant which comprises an 25 adding alum to an aqueous solution of soda ash and 
aqueous colloidal suspension formed by first add- 
ing soda ash to said water, then adding alum to 
form a colloid suspension, wherein the concentra- 
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